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FISHING WITH THE CORMORANT IN JAPAN 

By Dr. E. W. GUDCER 

AMKIIICAX MUSEUM OF NATURAL HISTORY 


Tntiioduction 

1 HAVE previously publisliecP a histor- 
paper on this method of fishing? in 
the former Celestial Emjnre, and the 
})re.seiit article is intended to bring to- 
gether with suitable illustrations the 
accounts of the like use of this bird in 
Japan — the Land of the Rising Sun. 

This method of taking fishes in China 
undoubtedly goes back into remote an- 
titjuity, but Chinese records are unfortu- 
nately lacking. Still one authority was 
found to state that it was seemingly 
established under the 8ung dynasty, 
somewhere between A. D. 9G0 and 1288. 
However, as will be shown later herein, 
it seems not improbable that cormorant 
fishing was carried on at a much earlier 
date. The first European who saw it 
was Friar Odoric, of Pordenonc, and the 
first printed account is in his book 
“Odorichus de Rebus Incognitis,^' 
Pesaro, 1513. It was, however, a well- 
established custom in China at the time 
of his visit (1325-1328). 

For Japan, in contrast, definite notices 
of fishing with the cormorant are found 
in two early chronicles. In A. 
the Emperor Tem-mu had the existing 
chronicles examined critically, digested 
and a^MP^ut in definite form by a scribe 
named iliyeda no Are. TTem-mu died 

1 K. W. Gadget, * ^ Fishing with the Cormo- 
rant: I. In China/’ American Natwaiist, 60: 
5-41. 16 figures. 1026. 


before' this was finished, but twenty-five 
years later the Empress Gemmio had 
Are collaborate with one Yasumaro, a 
court noble, in the final production of 
the ‘'Kojiki'^ (Records of AneiJnt 
Things) in A. .D. 712. This remained 
in manuscript until first published in 
Japanese in 1644, since which time 
numerous editions in the native language 
have appeared. 

The ‘^Kojiki*' probably had its source 
in large part in the similarly named 
''Kiujiki^^ or “Kujiki'' (Chronicles of 
Old Matters), which was compiled in 
A. D. 620 but was almost completely 
destroyed by fire about or shortly after 
645 ; or at -any rate in the remnant of 
the above srfved from the flames and 
known as “Kokuki” or national annals. 
The “Kojiki’^ was translated into En- 
glish by Basil Hall Chamberlain, pub- 
lished in 1882 and republished in 1920. 
From this latter publication the cita- 
tions, presently to be given, are taken.* 

The other work indicated above is the 
‘‘Nihongi^^ (Chronicles of Japan from 
the Earliest Times) . This was completed 
and submitted in A. D. 720 to the Em- 
press Gemmio by Prince Toneri and the 
same Yasumaro referred to above. The 

a Basil Hall Chamberlain, * ^ Ko-ji-ki : Records 
of Ajicieuft Mattela” (trans.), Transactions 
Asiatic Society of Japan, Tokyo. Bupp. to 
vol. 10, |)p. 167 and 176. 1920. This is a re- 
print of the original article of 1882. 




— Courtesy of Oifu Municipal Office 

FIG. 1. A FLOTIIJ.A OF SIGHTSEEING BARGES 
Drawn up at the t.anwng pi.acb on the Naoara River, Gipu. Tuev are beady to convey 


TOURISTS TO THE CORMOllANT-riSHINO OROUNDS. 


“Kojiki” seems to be almost wholly 
Japanese in origin, but the “Nihongi,” 
which is based largely on the “Kojiki,” 
on other chronicles and varjous scattered 
records, is said to show many traces of 
the strong Chinese influences then preva- 
lent at the court of the Empress Gemmio. 
It is, moreover, very much larger than 
the “Kojiki.” The “Nihongi” has 
passed through many editions. The one 
quoted herein is the English version by 
W. G. Aston, published in 1896.’ 

With these brief historical remarks, 
quotation will now be made of the 

a W. G. Aston, “Nihongi: Chronicles of 
Japan from the Earliest Times to A. D. 097“ 
(traus.), Travmcticms and Proecedmgs Japan 
Society . London, vol. 1 (Suppl. 1), pp. 119, 
120, 341. The reader interested in the history 
of these old chronicles will find full discussions 
in 'the introductions to the works of Aston 
(1890) and Chamberlain (1920). 


earliest known accounts of fishing with 
the cormorant in Japan. There are two 
citations in the Kojiki,'' both found in 
the accounts of a journey eastward 
through his domain of the Emperor 
Jim-mu. The first is found in volume 2, 
section 46, and roads as follows: 

Bo on making his progress ... he reached 
the lower course of the Yeshinu [Yoshino] 
River, where there was a person catching fish in 
a weir. Then the august child of the Heavenly 
Deity [the Emperor] asked, saying “Who art 
thou I “ He I the fisherman] replied, saying: 
“I am an Earthly Deity and am called by the 
name of Nihe^motsu no Ko.“ This is the an- 
cestor of the cormorant keepers of Aha. 

The second reference, and a very 
definite one, is found in book 2, section 
4fl. Here, when the Emperor Jim-mu 
had fought and had smitten both Shiki 
the Elder and Shiki the Younger, he and 
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his army ’.vere faint for want of food and 
he sang this song : 

As we fight placing our sliielcla in a row, 
going and witching from l)etwecn the trees on 
Mount Inasa, ohl wo are faminhcd. Ye keepers 
of cormorants, the birds of tlio island, come now 
to our rescue. 

Chamberlain’s note on this is: ‘'This 
song is a request for provisions made by 
the emperor to some fisluTmen who were 
working the eormoraiits along the moun- 
tain streams.” Here, then, we have a 
plain indication of the use of the cor- 
morant as a tisher long before A. D. 712. 

In the "Nihongi” (A. D. 720), in 
book 3, section 15, is found in almost 
identical language the incident quoted 
above from the “Kojiki.” But the ex- 
planatory statement here reads of Nihe- 
motsu that, “He it is who was the first 
ancestor of the U-Kahi of Aha” — the 
word U-Kalii meaning cormorant keep- 
ers. Again on page 126 (book 3, section 
24), tlic song of the emperor is set in 
(modem) poetic form thus: 

As we fight 

Going forth and watching 

From between tlie trees 


Of Mount Xnasa, 

We are famished. 

Ye keepers of cormorants 
(Birds of the island) 

Come now to our aid. 

And finally (book 14, section 12) 
where the scene is located on the River 
Ihoki, there is found the statement that 
the Emperor Oho-hatsuse Wakatake per- 
suaded one Takehiko to go with him to 
the river, and “There, pretending to 
make cormorants dive into the water to 
catch fish, he took him unawares and 
slew him. ’ ’ 

These citations show that fishing with 
the cormorant was practiced in Japan, 
perhaps in prehistoric days, certainly 
long before A. D. 612. Whether this 
])ractice arose sjiontaneously in Japan or 
wliether it was brought from China can 
not be stated definitely. However, since 
most students of the Orient think that 
the early culture of Japan had its source 
in China, it seems not improbable that 
this method of fishing was imported 
from China at a very early date. How 
this importation w^as made is not cer- 
tainly known, but one can infer that, in 



— Photograph by Dr . H . M . Smitll 

FIG. 2. A SMALL Bi^GE 

From which to view oormokant fishing at Giro on the Naoara River. 
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— Phutograph by courtesy of Oifu Municipal Office 
FIG. 3. A LARGE BARGE 

Used to convey the spectatous fhom Gifu to and adout the coiimorant-fisuit^g grounds. 

Note the kitchen in the hear. 


tho early diplomatie intercourse between 
China and Japan, cormorants may have 
been carried from the t‘orm(*r to the 
latter country. 

That there was such early intercourse 
is made clear by Jlervey Saint-Denys 
(1871) in his critical memoir on the 
“Ouen Hein Tong Kao’^ (Profound Re- 
searches into Ancient Monuments) of 
Ma-Touan-Ijin.^ This great Chinese 
scholar and critic composed his encyclo- 
pedic work in the thirteenth century 
A. D. llis chronicle covers the history 
of China from about 2400 B. C. to about 

< Horvey Saint-UenyB (Marquis de), *^Ma- 
Touan-lAix. Ethnographic des peuples strangers 
k la Chine, Ouvrage compost au Xllle sifedle 
de notre ^re par Ma-Touau-Lin. ^ ^ Geneve, 
* ^ Orientaux, ' ^ p, 79 (trans.), 1876 j ^^M6moire 
sur Phistoirp ancienne du Japon, d’aprds le 
Ouen Hien Tong Kao do Ma-Touan-Lin,' ^ 
Journal Asiatique, Paris, 6. series, tome 18, pp, 
386 and 403. 187L 


A. D. 1300. In it he records periodical 
Chinese embassies to Japan from about 
A. D. 200 on. Hervey Saint-Denys 
works out the dates of certain early 
embassies as of A. D. 246, 416 and 420 — 
from wdiich latter time on they were fre- 
quent. More to our matter the French 
critic quotes Ma-Touan-Lin that: 

The inhabitants Japan] dive into the 
water to catch Ash. They also have cormorants 
with the neck of each surrounded by a little 
ring to prevent swallowing, and they train them 
to catch Ush, In this way they take in a day 
several hundred 6sh. 

If now the commonly held belief be 
accepted that Chinese culture and civili- 
zation (including the use of the cor- 
morant in fishing) antedated that of 
Japan, then, since we have dates for the 
sending of Chinese embassies to Japan, 
we need not find it difficult to believe 
that th^ Japanese learned this method 
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of taking fish from the Chinese, and 
indeed possibly got their first birds from 
these embassies. 

Both Aston and Hall affirm that fish- 
ing with the cormorant in Japan was a 
common thing during the Middle Ages 
and up to the Renaissance, but other 
records filling in the gap between the 
distant past and the comparatively 
recent years are few. So far as 1 have 
searched, unlike similar works for China, 
none of the early European voyagers to 
Japan, not even Kaempfer, figures or 
even refers to cormorant fishing in 
Japan. The explanation for this is to 
be found in the fact that Japan is 
largely mountainous with little plain or 
flat country (as in (’hina) near the 
ports. Cormorant fishing in Japan 
seems always to have been ])ractice(i only 
in a few upland or mountainous sections 
to which the early voyagers probably 
never })enet rated. 

In fact, the only early accounts addi- 
tional to those given abov(‘ have been 
found in articles on cormorant fishing in 
the Land of the Rising Sun by two 
Japanese scholars, Ikenoya (1917) and 
Kiiroda (1926). The latter was commis- 


sioned by the imperial government to 
investigate and write np this fishing in 
Japan, and from the data thus officially 
obtained the article referred to (1926) 
was prepared. Tlie former alleges that 
cormorant fishing was carried on during 
the IJeian era in the province of Mino — 
no river specified, though it is j)robable 
that this was the Nagara as noted below. 
All the other citations of this fishing 
locate it more narrowly and will be set 
out by regions. 

While cormorant fishing in China is 
purely a commercial proposition, carried 
on throughout the entire length and 
breadth of the^reat plain of (Uiina, in 
Japan it is j^raeticed only in certain 
r(‘stricted localities and there ])ai‘tly as 
a business but largely as a matter of 
sport intended to attract tourists. In 
(Jiiiui, as my previous studi(‘s have 
shown, this fishing is carried on only in 
the daytime. But in Japan, in keeping 
wdth its sporting character, it is carried 
on mainly at night, in one locality in 
both night and day, and occasionally 
(as a commercial proposition entirely) 
in some sections in daytime only. Fur- 
thermore in Japan the birds seem to be 



— Picture Hu c6nrte$u of Gifu Municipal Office 


FIG. 4. THE FISHING BOATS DRIFT 8EQWLY DOWN THE STBEAM 
THEIB UairrEO CaBSSSTS OIVINO BGMaaANDT-USe' EFFECtS IK THE IKKT DA.EKNE86. 
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— Tty courtesy of Gifu Municipal Office 
FIG. 5. DIBTANT VIEW OF THE CORMORANT FISHING 
On the Nagara River, the darge with spectators m the right forexhiounp. 


used for taking practically only one fish, 
the ayu or sweet-fish, Plecoglossus alti- 
veils, a sulmonid reaching about a foot 
in length and found only in the clear 
upland and mountain streams of central 
Japan. Since the accounts of this fish- 
ing specify the use of the birds on cer- 
tain streams only, my data will be 
presented under these locality headings, 
beginning with that one where it has 
been longest carried on and is to-day 
most prosecuted. 

Fishing with Cormorants on the 
Nagara River from A. D. 

900 TO 1877 

It seems well to segregate the old ac- 
counts of fisliing on this river from the 
recent ones. The former are very frag- 
mentary, the latter very detailed. The 
former are interesting historically, while 
the latter are delightful accounts of a 
most attractive fishing method. 

The earliest record I find (on the 
authority of Kuroda) is that during the 
Engi era (A. D. 901-922) there were 
seven cormorant fishers’ cottages on the 
Nagara. From their catches dried ayu 
were sent to the imperial court by 
Toshihito Fujiwara, governor of Mino 


province. During the JimjRii era (1151- 
1153) it is recorded that these cottages 
had increased to twenty-one in seven vil- 
lages. In 1159, the first year of the 
Heiji era, Yoshitomo Minamoto put up 
a cormorant fisher’s cottage on the lower 
Nagara River, and received tribute of 
the fishes caught. Again in 1190 it is 
on record that a cormorant fisher sent 
to the same official presents of ^^sugared 
sweet-fish and rice,” thus establishing 
the custom. And later Zenkakei Kane- 
yashi Ichigo was present at a cormorant 
fishing in the Nagara in the Bummei era 
(1469-1486), about the time when Co- 
lumbus was seeking aid for his westward 
voyage to the Indies. 

In 1504 it is said that there w^s in 
one of these villages on the Nagara a girl 
named Ako who was reputed to be very 
skilful in the handling of cormorants, 
as is evidenced by her driving twelve at 
once (note the number twelve which is 
the normal number for a master cor- 
morant fisher to-day). ‘'This lady of 
old is regarded as the mother of ugai 
( cormorant fish ing ) ” ( Ikenoy a ) . In 
1564 (the seventh year of Eiroku), 
Nobunaga Oda saw the fishing near 
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Gifu, raised the cormorant fishers to 
equivalent rank with the falconers, giv- 
ing each fisher the title V-jo, or cor- 
morant tamer, and gave each family a 
pension in the foj'm of a bag of rice each 
month and tlie ])resent of a new boat 
every four or five years. 

For the 1600’s we have nnmtu'ons ref- 
erences. In the opening year of the 
century (the fifth c)f the Keiclio era), 
certain troops advanced into the valley 
of the Nagara and their commander or- 
dered the cormorant tamers to serve as 
pc^rters for his army. They refiistHi and 
all their houses were burned. However, 
three years later, lyeyasu Tokugawa was 
j)resentcd with the products of the fish- 
ery, and in 1615 (first year of the Genna 
era) he visited Gifu and was greatly 
pleased with the cormorants at work. 
On leaving he ordered the ugai men to 
send fish to Yedo twice a month during 
the season, and this was also required by 
his successors for many years — there is a 
record for 1665. The fish were packed 


in kegs and reached Yedo in two days’ 
time. 

In 1707 (fourth year of the Hoyei 
era) definite family names were con- 
ferred on the three chief cormorant 
tamers. In 1808 (fifth year of Bunka 
era), the cormorant tamers had been 
reduced to twelve (a number having left 
off this fishing), and these received speci- 
fh'd allowances of rice and money. In 
1867 they Avere ordered to send a definite 
tribute of pickled ayu to Kyoto, but in 
1870 the preferential treatment afforded 
them was abolished and they were or- 
dered to pay an ai/u-fishing tax directly 
to the Gifu prefecture. 

In 1878, and again in 1880, the Em- 
peror Meiji visited Gifu and saw the 
fishing, and in 1888 or 1890' he issued a 
decree setting aside three imperial fish- 
ing places on the Nagara. These were 
attached to the Grand Veneur’s Bureau 
of the Imperial Household Department. 
These are: the lower at Furutsu, Na- 
gara-mura; the middle at Tachibana, 



— After Piehot, probablf/ from Layrle 
FIG. 6. ANOTHER VIEW OF CORMORANT FI8HING 
In a wide reach of the Naoaha River near Qipu. 
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—After JUrH. VovhranCt by courtesy of "Aaici” 

FIG. 7. THE CX)KMORANT TAMER 

Holding the reins in his left hand, he takes the bird's ne(!K in his right and wakes vv 

DISGORGE ITS CATCH. 


SuliMra-mura, and the ujiper at lleda, 
Takeda-mura — all in Gifu prefecture. 
In 1921, these imperial fishing places 
were placed under the jurisdiction of the 
hunting section of the Imperial House- 
hold Department. 

Here then we have an epitomized 
sketch of the history of the fishing on the 
Nagara River as contained in Japanese 
records and written down by Kuroda 
(1926) . He further states that since the 
Meiji restoration the witnessing of cor- 


morant fishing on the Nagara has become 
a fashionable recreation, attended at 
times by the emperor and his household, 
by distinguished visitors from abroad, as 
well as by many native visitors — num- 
bering many thousands each year, This 
fishing will now be described. 

Phbsent-day Pishing at Gifu on the 
Naoara River at Night from Boats 
Gifu, a city of some 50,000 inhabitants, 
is situated on the Nagara River in south 
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central Japan. This river is formed of 
four tributaries which rise in *th^^ slopes 
of Mt. Dainichigatake, and in tin* greater 
part of its lower course is navigable for 
small boats. It emfJties into Owari Hay. 

The earliest printed account known to 
me of fishing on the Nagara, and indeed 
of cormorant fisliing in all Japan, ex- 
cepting tl)e ])rinting in Japanese of the 
old chronicles noted above, dates back no 
farther than 1877. In this year (Iregory 
published an article"^ in which he de- 
scribes this fishing with cormorants in 
the Nagara. lie explains that the cor- 

Grorgo Elliott Gregory, ‘^JapanCHG Fisli- 
ories, ” Tramtactionn Asiatic Society Japan, 
Y okohama, 5 : 1 02-1 13. ^ ^ Oormoraiit Fishing, ’ ' 

pp. 110-111. 1877. 


morants are caught on the island of 
Susashima in Owari by placing wooden 
images of them in places which they 
frequent, and by covering the branches 
of the nearby trees with birdlime. One 
cormorant caught, others are attracted 
and in turn are caught. Then he con- 
tinues as to their use that: 

Near the Nagara River are seven hoiisos, the 
oreu])nnts of wliich arc employed in fishing 
with eormorants. In eaeh of these houses are 
kept, on an average, sixteen birds. From the 
first of the fourth montli until tlu; end of the 
eighth month fishing in the River Nagara is 
carried on every night. The fishermen go out 
in long boats which at their bows are furnished 
with fire baskets or cressets. The fish having 
boon attracted by the light from the fires in 
these, the birds are sent into the water. 



— iPhotoorat^h by Br, H. M. Smith 


FIG, 8. THE HEAD FISHERMAN AND HI$ ASSISTANT 

PUTTINO THE HAJINEBS ON ONE OT THE BIRDS. THE BASKET^ ARE TWO CHAMBERED AND HOLD TWO 

CORMORANTS EACH. 
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— After Mra. Oochrw^, i^y 'eourteay of ‘^Aaia” 
I’lO. 9. HARNESSING THE OORliiOBANTS AT GIFU 


Note the btandakdized method. This pictuke was taken moke than twenty a'ears later 

THAN Dr. Smith ^s. . 


The cormorant, after having caught a fiah, is 
drawn into the boat, and, the flsh being taken 
from it, it is sent into the water again. Lar^e 
ayu ftsh weigh as much as three quarters of a 
pound and the cormorant often swallows five or 
six fish of this weight. Thus in an hour ’s time 


one boat often takes two hundred fish. Very 
much, however, depends upon the skill of the 
fisherman, the tying up of the necks and bodies 
of the birds so that they be neither too tight 
nor too loose, and upon the care taken in giv- 
ing the birds the proper quantity of food. 
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Gregory also describes the method of 
training the cormorants, the earliest 
known to me for Japan. lie writes that ; 

From the commcnconieiit of the ninth month 
(October 3) until tlie comnicnceniejit of the 
fourth month (May 7) of thn following year 
thn birds arc fattened. As above mentioned 
the liouH4?s in w'hich cormorants arc kept amount 
to SGVon, possessing a total of about one hun- 
dred and twelve birds. These are trained in 
the following manner. All the one hundred and 
twelve birds are sent off together on the River 
Nagaru; the lishorraen encouraging thorn to flsh 
by uttering cries of Aika! Aika! The birds 
dive and catch and oat fish of all sizes (at this 
time their ntjcks and bodies are not tied up) ; 
after having eaten enough they are driven to- 
gether by help of the boats, none ever escaping. 
Each of the owners then picks out his own birds 
from the flock, recognizing them by their heads, 
and takes them into his boat. Should it hap- 
pen that a bird strays, the fisherman recalls it 
by crying JTo, kOj ko! at the same time holding 
up a fish which he gives to it on its return. 
The birds are fed but once a day and in the 
manner just d(!scribed. Trained birds have a 
cord tied round their necks to prevent them 
from swallowing the fish entirely, but they are 
abl(! to swallow small fish notwithstanding. It 
is not necessary, if they have been out some 
time, to give them any other food. In the night 
afte^ having finished fishing in the river, should 
any of tho birds evidently still be hungry they 
are fed with fish. After this all the birds are 
taken to their quarters, when it is necessary, 
however, to tie a piece of cord (made of straw) 
round their necks to prevent them from vomit- 
ing the fish they have taken for food. Every 
day nt about ten oVlock the birds are placed 
four together in baskets and conveyed to the 
river to drink. 

In summer to protect the birds from the mo.s- 
quitoes, which would otherwise trouble them 
very much, their quarters are surrounded with 
mosquito nets. 

The next account I have found is in 
the London Times for August 21, 1889 
(p. 4). This is labeled ^^From our 
Tokio correspondent^ and is without 
signature, but Basil Hall Chamberlain 
(previously referred to) in his book, 
‘^Things Japanese, quotes this account 

d Basil Hall Ohamborlain, Things Japa- 
nese.*^ Tokyo, 1898. Cormorant Fishing,** 
pp. 95-98, 


and attributes it to a Major-General 
Palmer, Royal Engineers. This account 
is such a very detailed and interesting 
one and one so evidently written by an 
eye-witness that it will be liberally 
(juoted. Palmer writes that a dark night 
should be chosen and that the river 
should be free from turbidity. On such 
a night his party embarked on a beauti- 
fully decorated, equipped and be-lan- 
terned, roomy barge, having a tiny 
kitchen for providing the sightseers with 
fruits, sweetmeats, hot tea and “spitch- 
eoeked eels piping hot. ’ ’ Such a fleet of 
barges,^ plentifully bedecked with pen- 
nants and with Japanese lanterns, is 
shown in Fig. 1. These are drawn up 
on the shore of the Nagara River at Gifu 
and are ready to take tourists up the river 
at night to witness the cormorant fishing. 
Such a single barge is portrayed in Figs. 

2 and 3. Thus equipped, the attendants * 
poled and towed the barge with the 
sightseers up the Nagara until finally it 
vras anchored to await the coming of the 
piscatory craft of the cormorant tamers. 
We will let Palmer describe the scene 
in his own words : 

Presently Uio first sign is detected — a spot of 
hazy, rod glow, shining over the trees from a 
reach two or three miles above us. Hereupon 
our chief boatman erects his private; signal — a 
aiighty paper lantern of a red and white basket 
pattern. Steadily the glow spreads and deep- 
ens, until, as the last intervening point is 
cleared, we descry its causte — a constellation of 
shifting, flickering lights, drifting down the 
dark river towards us. By degrees these de- 
velop into balls of fire, seven in number, cast- 
ing as many long coruscations of light before 
them, from their reflection on the waters of the 
stream. Then sounds are heard — sounds of 
much beating, shouting and splashing. Next 
appear the forms of boats and the swarthy 
figures of men thrown up with weird, Rem- 
brandt-like effects against the inky blackness of 

7 For this and many other pictures used 
herein, I am under obligation to the authorities 
of the Oifu Municipal and Prefectural Ofi^O/Cs, 
who sefft large numbers of pictures together 
with descriptive literature (largely in Japa- 
nese). 
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— Photograph hg courteag of Gifu Afuniolpal Office 
FTO. 10. THE FI8HEHMEN’8 BOAT 

DHAWN to SHOUK in a QCIET cove while the birds are being made heady rOK FlBllINO. 


the iiij'ht; Rud iti the water round about tho 
boats are iiuinberB of cormorants, behaving to 
all appearance iji the maddest fashion. The 
fires, wo now see, are gnuit cages of blazing 
p'mo'knots, suspeuded over tho bow of each 
boat, darting forth flames and sparks, and for- 
ever dropping embers, which fail witli loud 
Jiissing into the stream. Nearer still they come. 
The men have seen our signal, and are 
manoeuvring so as to surround u«; which being 
done, we And ourselves in the midst of the up- 
roar and excitement of cormorant-fishing d la 

JdpoiiaMf. 

This night sc^ne is well portrayed in 
Fig. 4, while Figs. 5 and 6 (evidently 
taken in the daytime) show how the 
boats and cormorants come down the 
river s})read out so as thoroughly to 
eover the water. How the fishing is 
carried out from the boats is thus de- 
scribed by General Palmer: 

There are, to l)egiu with, four men in Sch 
of tho seven boatn, one of whon», at the stem, 
has no duty but that of managing his craft. 
In the bow stands the master, distinguished by 
the peculiar hat of his rank, and handling no 


fewer than twelve trained birds with the sur- 
passing skill and coolness that have earned for 
the sportsmen of Gifu their unrivaled preemi- 
nenee. Amidships is another fisher, of the 
second grade, who handles four birds only. 
Between them is the fourth man, called kako. 
from the bamboo striking instrument of that 
name, with which he makes the clatter neces- 
sary for keeping the birds up to their work; ho 
also encourages them by shouts and cries, looks 
after spare apparatus, etc., and is ready to give 
aid if required. Each cormorant wears at tlie 
base of its neck a metal ring, drawn tight 
enough to prevent marketable flsli from passing 
below it, but at the same time loose enough — 
for it is never removed — to admit the smaller 
prey, wdiich serves as food. Bound the body is 
a cord, having attached to it at the middle of 
the back a short strip of stifflsh whalebone, by 
which the great awkward bird may bo conveni- 
ently lowered into tho water or lifted out when 
at work; and to this whalebone is looped a thin 
rein of spruce fiber, twelve feet long, and so 
for wanting in pliancy as to miiiimiM the 
chauco of entanglement. When the fishing 
ground is reached, the master lowers his twelve 
birds one by one into the stream and gathers 
their reins into his left hand, manipulating tho 
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latter thereafter witli liis right as oecHsioii re- 
quiies. No. 2 doi'S the same with his four 
birds; the halo starts in with his volleys of 
noise; and fortliwith the cormorants set to at 
tiieir work in the heartiest and jolliest way, 
diving and ducking with wonderful swiftness as 
th<> astonislied fish eonie Hocking towards tho 
lda/,n of light. Tho master i.s now the busiest 
of men, lie must handle his twelve strings so 
deftly that, let the birds dash liither and 
tliiMier as they w'ill, tliere shall be no inipedi- 
immt 01 ' fouling. He must have his eyes every- 
where and his hands following hia eyes. 8pe- 
cially must he watch for the moment when any 
of liis flock js gorged — a fact generally mado 
known by tlie bird itself, which then swims 
about in a foolish, helpless way, with its head 
and swollen neck erect. Tlu'reupon the master, 
shortening in on that liird, lifts it aboard, 
forces its bill open with hia left hand, which 
still holds the rest of the lines, squeezes out the 
flsh with hia right [Fig. 7] and starts tho 
creature oft' on a fresh foray — all this with such 
admirable dexterity and quickness that the 
eleven birds still bustling about have scarce 
time to get things into a tangle, and in another 
moment the whole flock is again perfectly in 
hand. 


This account gives the reader an ex- 
cellent idea of this combined sport and 
business. Equally clear is Palmer's cir- 
cumstantial account of the training and 
behavior of the birds. This gives the 
details entirely lacking in Gregory's 
brief statement. He writes that : 

As for the cormorants, they are trained when 
quite young, being caught in winter with biid- 
lime on the coasts of the neighboring Owari 
Gulf, at their first emigration southward from 
tlie summer haunts of tho species on the noith- 
ern seaboard of Japan. Once trained, they 
work well up to fifteen, often up to nineteen 
or twenty years of age; and, though their keep 
in winter bears hardly on the masters, they are 
very precious and profitable hunters during the 
five-months’ season and well deserve the great 
care that is lavished upon them. From four to 
eiglit good-sized flsh, for example, is the fair 
result of a single excursion for one bird, wliich 
corresponds with an average of about one hun- 
dred and fifty fish per cormorant per hour, or 
four hundred and fifty for the three hours 
occupied in drifting down the whole course. 
Every bird in a flock has and knows its number; 



(posed in the daptime J ^p coutijeep of (Hfu Municipal Ojpttee 
m. 11, A CORMOEANT-FISHIKG BOAT 
Men and birds ready to start out. The IT- jo koLds tj(1» beins in ms Lterr hand and sorts 

THEM WITH HIS RIOHT. ONLY BIOUT RIUDB ARE VISIBLE. 
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and one of the funniest things about them is 
the quick-witted jealousy with which they in- 
variably insist, by all that cormorant language 
and pantomimic protest can do, on due ob- 
servance of the recognized rights belonging to 
their individual numbers. No. 1, or ^^Ichi,’* 
is the doyen of the corps, the senior in years 
as well as rank. His colleagues, according to 
their age, come after him in numerical order. 
Ichi is the last to be put into the water and the 
first to be taken out, the first to Ixi fed, and 
the last to enter the baskets in which, when 
work is over, the birds are carried from the 
boats to their domicile. Ichi, when aboard, has 
the post of honor at the eyes of the boat. He 
is a solemn, grizzled, old fellow, with a pom- 
|»ouH, noli me tangerr air that is almost worthy 
of a Lord Mayor. The rest have places after 
him, in succession of rank, alternately on either 
side of the gunwale. If, haply, the lawful 
order of precedence bo at any time violated — 
if, for instance. No. 5 be put into the water 
before No. 6, or No. 4 be placed above No. 2 — 
the rumpus that forthwith arises in that family 
is a sight to see and a sound to hear. 

Rut all this while we have been drifting 
down, with the boats about us, to the lower end 
of the course, and are again abreast of Gifu, 
whore the whole squadron is beached. As each 
cormorant is now taken out of the water, the 
master can tell by its weight whether it has 
secured enough supper while engaged in the 
hunt; failing which, he makes the deficiency 
good by feeding it with the inferior fish of the 
catch. At length all are ranged in their due 
order, facing outwards, on the gunwale of each 
boat. And the sight of that array of great 
ungainly sea-birds — shaking themselves, flap- 
ping their wings, gaw-gawing, making their 
toilets, clearing their throats, looking about 
them with a stare of stupid solemnity, and now 
lind then indulging in old-maidish tiffs with 
their neighbors — is quite the strangest of its 
little class I have ever seen, except perhaps the 
wonderful penguinry of the Falkland Islands, 
whereat a certain French philosopher is said to 
have even wept. Finally, the cormorants are 
sent off to bed, and we ourselves follow suit. 

The next account that has come to 
hand was published in Pie Natur in 
1890. It was written by a person hid- 
ing his identity undeir the initials 
M. — probably Karl Mliller, one of the 
editors,® When translated this sounded 

8K[arl] M[uller], ^'TJeber Kormoran- 
Fisoherei in Japan, Die Naiur, Halle, N. F. 
Vol 16 (Vol. 39), pp. 31-32, 1890. 


very like the account from Chamberlain 
attributed to Palmer, and careful com- 
parison with Palmer's letter in the Lon- 
don Times showed that it is a mere trans- 
lation, alleged, however, to be made 
from the London and China Express^ 
August 23, 1889. But no such journal is 
listed in the ‘‘Catalogue of the British 
Museum," or in the “Union List of 
Herials in the Libraries of the United 
States and Canada. ' ' 

In the Revue Britannique^ for May, 
1891, is a spirited account of this fishing 
at flifu. This also is unsigned but the 
(‘ditor, Pierre Amedf^e Pichot, in his book 
(1903) presently to be quoted, says that 
it is from the pen of an Admiral Layrlc. 
This writer (1891) describes in interest- 
ing detail the preparation of the tour- 
ists' boat for the fete with lanterns, 
geishas, servants and refreshments (see 
Pig. 1). In these boats the visitors 
embark and follow the boats of the 
fishermen. This account, apparently 
that of an eye-witness, differs in some 
details from that given above and it 
seems well to reproduce here certain ex- 
tracts from it. It is stated that when 
night comes on, preferably one without 
moonlight, the fishermen make their ar- 
I’angements as follows : 

In each Ashing boat two mou begin the 
preparation of the birds. There are twouty- 
four to a boat iu a large cage. One of the men 
pulls out a cormorant by the neck and while he 
holds it thus suspended he strokes it or even 
tickles it, so that the bird, without any resis- 
tance or movement, lots a cord be attached to 
one of its feet. This cord crossing the stomach 
ends at the neck in a ring, destined to prevent 
the passage of a Ash down the throat into the 
stomach [see Figs. 8, 9, 10], The whole opera- 
tion [of preparing the birds] lasts about twenty 
minutes. While this is being done, on a mov- 
able crane in front of each boat there is lighted 
a brazier of wood and straw whieli sheds a 
strong but uneven light over the river. The 
men are at their posts, and the cormorants in 
the water swim here and there, agitated and 
nervous -among the burning sparks falling from 
the braziers. 

Vol. 67, pp, 51-60. Figures. 
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— Photograph from Dr. Euroda 
FIG. 13. THE HEAD FISHERMAN 

At the prow ok the hoat handijng the lines of the cormorants. Most of the birds are 

T!N])ER WATER, BUT ONE IS BRINOINO TO ITS MASTER THE FISH IT HAS JUST CATJOHT. 



There are only four flshrrnion to a boat. 
The one towards the rear steers and controls 
the boat at his will; the second, armed with an 
oar (polef] pushes on the bottom, on other boats 
or on the rocks in such n way as to send the 
boat in the right direction. At the two ends, 
standing iji plain sight — the one in front almost 
in the flames — each of the two master fishermen 
dirocls his twelve cormorants, Jiolding the 
niotlier cord in which end the twelve small cords 
attaelied to the birds. 

With cverj^hing thus in onlcr (Fig. 
11), the fishing boats i)ush off' and with 
the birds drift with the current, closely 
followed or perliaps preceded by the be- 
lanten-ned boat ^led with sightseers, 
singers and servants, as is portrayed in 
Pig. 3. The music and songs seem to 
excite the cormorants and incite them to 
their duly (Pig. 12). Pig. 13 shows the 
head fisherman standing in the bow of 
the boat near the cresset handling the 
lines of his birds, which threaten to be- 
come badly tangled. 

These [birds], however, are all old hands at 
the business. The master follows them with his 


eye and handles the cords in such admirable 
fashion that they never become tangled in spite 
of the many evolutions of the birds — an aquatic 
pack one might say, but docile and attentive. 
The birds work on in all the noise and light. 
They swim, dive, reappear with the head high 
and the eyes shining, and every time with a flsh 
in their beak. They hurry to get rid of this 
that they may dive again to take another, or 
perhaps to play a long time wdth a catch which 
they know to be only provisional. The master 
is there, however, and he does not let them out 
of his sight. He keeps account of the unusual 
size of the birds' throats and, without ceasing 
his watch for an instant, draws quickly in one 
which he sees is full of booty, seizes him by the 
neck, hangs him head down, and with a simple 
tap makes him disgorge instantly his part of 
the prey into the bottom of the boat [Fig. 
7]. Five fwjconds at the most and the cormo- 
rant is thrown back without regard into the 
water, where humiliated and furious he dives 
at once to revenge himself on some new fish 
for the deception of which he himself has been 
the victim. A new bird is drawn into the boat 
and the fishing continues, the boats being al- 
ways earned by the current into the midst of 
the disturbed feverish birds who dive in the 
fantastic light of the lanterns and braziers. 
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All the while the guitars make their music heard 
and tlie fishermen continue their encouraging 
cries. Tlie fishing goes on without pause, ob- 
stacle or acrident. There is perfect cooperation 
Ix^tweeii liir(l.w, fishermen and i)oatiricn. 

T)u* iisliing ground Jniving been cov- 
ered, the pHrty breaks up and the tour- 
ists return to their hotel, Avhero, in case 
they did not partake of the ayu cooked 
on board the boat, they are likely to 
I'c^ast on some before retiring. Next 
morning Avhen the tourists depart, the 
innkeeper will present tliem with fans 
having painted on them the scene wit- 
nessed over night. However, if they 
visit Gifu’s chief industry, the factory 
where paper lanterns are made, such a 
souvenir may be procured as that shown 
in Fig. 14. 

Pierre Ainedce Pichut (editor of R(- 
viw. liriiannique) reproduces in his book, 
‘Gliseaux de Sport the citation from 
Admiral Layrle previously given. He 
refigures Ijayrle’s cut of tlu‘ lantern 
sliowing cormorant fisliing at Gifu, and 
also gives (source unknown) Hie figure 
sliowing the boats on a broad stretch of 
the river at (jifu, reproduced herein as 
number 6. This same aeeouiit is also 
quoted by Alfred Belvallelte,^’ who also 
gives a ])ieture of this fishing drawn by 
a native artist. This is rcfiroduced 
herein as Pig. 15. 

The references to cormorant -fishing in 
Jaiian previously given, and indeed most 
of those to follow, are from non-scien- 
tific men, but there are now to be set out 
citations from an ichthyologist of high 
standing, citations which thoroughly cor- 
roborate the popular accounts previously 
quoted and also those to follow. 

Dr. Hugh M. Smith, at that time 
deputy commissioner of the U. S. Fish- 
eries, visited Japan early in the present 
century to study her fisheries and related 
industries. As the representative of the 

loparifl, 1903, pp. 27-315. 

Traits dr Faucoiinedo et d 'Aiitoursorie 
Suivi d^uae fitude sur la Pfiche au Cormoran. 
Paris, 1903, p. 243-2r>0. 



— /^rom Piclwi after Layrle 


FIG. 14. A T.ANTERN FROM GIFU 

HllOWlNG A FISHING KCENR — PAINTED IIY A 
NATIVE ARTIST. 

U. 8. Bureau of Fisheries he was nnnh? 
the official guest of the Imperial Japa- 
ne.se Fi.sheries Bureau and was jirovided 
with guides and inttTpreters who ac- 
companied him on his 5,000 miles of 
travel. On his return to the United 
States lie jnihlished in 1904 and 1905 
two papers from which extracts will be 
made of the cormorant fishing at Gifu.’" 

Dr. Smith states that the chief cormo- 
rant fisher at Gifu (Fig. 16) was an 
expert who.se ancestors for many genera- 
tions (for at least 1,000 years and by 
tradition extended to 2,000 yearH) had 
fished at Gifu. His cormorant-s had a 
cord around the lower part of the gullet, 

^*11. M. Saiitli, ‘'Japan, the Paramount 
FiBhiiig Nation,’^ Traiwactiom American Fish- 
eries ASociety, 33rd meeting, pp. 129-132, 4 
figures, 1904; “The Fisheries of Japan/ ^ 
Natioruil Gcopraphia Magasine, 1C: 213-214, 3 
figures, 1906. 

I am also very greatly indebted to Dr. Smith 
for allowing me to make free ehoiee from his 
unusual collection of photographs of fisliing 
w’ith the cormorant in Japan. 
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— After Uelvallette 

FIG. 15. (X)RMORANT FISHING 
At nioht at Gifu, from a native SKE'rcii. 


and the lines attached to the whalebone 
piece of the harness (Pig. 17) were 
fourteen or fifteen feet long. The boats 
used were of a special kind almost iden- 
tical with our long narrow dugout 
eancH‘s, as may be seen in Pig. 18, He 
notes that there were four men and six- 
teen cormorants — twelve handled by the 
head fisherman and four by his assistant. 
The fishing grounds covered many miles 
and were divided into sections which were 
fished nightly — some sections, however, 
being set aside as imperial fisheries pre- 
serves and no promiscuous fishing be- 
ing allow’ed, as noted above. 

With fi blazing fire of pine wood in 
tlie iron cresset overhanging the bow of 


each vessel, the seven boats drifted broad- 
sided down stream, each being kept in 
line by the two extra men. The fishing 
— essentially as described above — went 
on for several hours, each cormorant 
filling his pouch and throat fifteen or 
twenty times. 

A spirit of intense enthusiasm lills men and 
birds alike ; and the shouts of the flshennon, the 
rroukiug of the birds, the rush of the mountain 
stream, the splashing and creaking of the pad- 
dles, the hissing of the embers as they fall in 
the water, tho weird lights and shadows, com- 
bine to make a performance which a westerner 
is not likely soon to forget. 

Dr. Smith was provided with a boat 
illuminated with lanterns and supplied 
with refreshments, and from this he wit- 
nessed the fishery. Bach cormorant boat 
averaged about 800 fish, and the value 
of the catch of the seven boats was about 
$150. The catch was almost entirely 
ayu, tlie salmonoid fish already referred 
to. 

Next among my notes are those from 
Ikenoya^® previously quoted. From him 
we learn that the Nagara River is sev- 
enty to eighty miles long, and navigable 
for small boats throughout most of its 
extent, but that the ugai (cormorant 
fishing) is mainly centered around Gifu 
in three reaches of the river — kami-ugai, 
naka-ugai and shimo-ugai (upper, mid- 
dle and lower cormorant-fishing reaches) 
plus a fourth section reserved for mem- 
bers of the imperial court. The beat 
fishing is had from the middle of May 
to the middle of October, at which time 
the young fish are about three inches 
long, and the sport is carried on at night 
over each reach of the river alternately. 
Ugai is best carried on on moonless 
nights, or before the moon rises or after 
it sets, since the moonlight drives the 
fish away — causes them to scatter. 

The best fishing boats (Pig. 18) are 
about forty feet long by three wide 
amidships — wide enough to contain the 

13 S. Ikenoya, ** Cormorant Fishing/^ Japan 
Uagasimet May, 1017, pp. 31^32. 




FISHING WITH THF (X)RMORANT IN JAPAN 


•J3 


bamboo baskets in which the birds are 
brought by twos to the landing, a basket 
suspended at either end of a })ole. The 
fishing crew consists of fivc^ men — the 
head fisherman in the bow, two assistants 
and one boatman in the waist, and the 
other boatman in the stern. Tlie head 
fisher looks after the light and liandles 
twelve cormorants, his assistants as 
learners have four each (making twenty 
to the boat). The birds have rings 
around their necks and these must be 
properly adjusted for each bird. At- 
tached to each ring is a line ten feet 
long made of cypress bark and held by 
the fisherman. The birds are encouraged 
by j)(*culiar cries to dive and catch the 
fish. 

Ikenoya gives an interesting account 
of how the birds are gotten and trained. 
Thejy are caught by heavily liming the 
rocks of their rcaisting places around 
Shinoshima in the province of Owari. 
Good, well-grown cormorants are about 
two feet in extreme length and weigh 
about seven pounds each. Their wings 
are clipped and they arc sent blindfolded 
to Gifu. At first they are very vicious 
and must be kept tied up. Presently 
their trainer takes them out on the river 
every day at noon and allows them (un- 
der the leash) to dive, catch and eat one 
to two pounds of fish each. After about 
fifteen days of such training and feed- 
ing they are taught to catch and dis- 
gorge fish. At the end of each daily 
training period, the birds in regiments 
of sixteen with three men in charge are 
allowed the freedom of the river for 
playing and feeding. While the natural 
life of the birds is twenty to twenty-five 
years, under this more or less artfficial 
life they live only about a dozen years. 

In 3918, Jihei Hashiguchi published 
in the Far Eastern Review (14: 313- 
322) an article on the fisheries of Japan 
with numerous illustrations. Among 
these is a particularly interesting one 
(p. 319) labeled ^‘Fishing with Cormo- 
rants on the Nagara River, Gifu.^^ The 



— Photoffrapfi by Dr. U. Al. 

FIG. 10. THE CHIEF CORMORANT 
TAMER 

At Gifu about 11H)3. Note ins pectti.iah 

DRESS, WHICH IS DESCRIBED FURTHER ON IN 
THE text. 

combination of pale ink and soft paper 
gives such a poorly printed picture that 
it will be impossible to reproduce it 
herein. Moreover there is no reference 
whatever in the text to this figure. 

In 1919 Jabez K. Stone published an 
interesting article^* describing a visit to 
Gifu with a moving picture man, Ben- 

^ Oormorant Fiflhing at Gifu,*' Japan, 8: 
6-7, 44, 5 figuTes. 
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— Photograph by Dr, H. M. Smith 
FIG. 37. NO. 1 CORMORANT 

WEAHING the whalebone harness with the attached line, and standing on ms CAGE. 


jamin Brodsky. Brodsky made a series 
of films (taken at night) depicting this 
fishing, and Stone illustrates his article 
with selections from these. His account 
is ver>^ similar to those already quoted, 
varying only in slight details. The cor- 
morants are trained to fish in groups of 
twelve. The body of each bird has 
around it a cord with a bamboo (not a 
whalebone) handle to which is attached 
the lim* of tough fiber which will not 
easily tangle or form knots. Tlie birds 
are well trained, and of hundreds on the 
river at once, each knows its own boat 
and master. Th\s latter keeps 

the birds up to their work by calling to 
them what sounds like “Uish.” 

In March, 1925, there appeared an 
account'^’ of this fishing at Gifu by Lucy 

Fishing with tho Birds [Cormorants] of 
Gifu,” Japan, 14: 2.^-24, 31, .3 figures. 


Fletcher Brown. Carrying a letter of 
introduction from a Japanese priest to a 
Japanese lawyer in Gifu, she was shown 
many eourtesies and, along with the cor- 
morants was inducted into the fisher- 
man’s boat, whence she had an intimate 
view of the proceedings. However, her 
account diifera but little from the otliers. 
There were eight or ten boats, each with 
four men. The fires were of burning 
pine knots in cages hung on a pole over 
the water from the prow of each boat and 
tended by the cormorant master. The 
head fisherman expertly handled the 
reins of ‘^fifteen or more cormorants,” 
while others were shut up in baskets. 
The ayu caught were five to eight inches 
long, and of these as many as seven were 
taken at one time from the throat of one 
bird. There are three illustrations in 
this article, identical with the first three 
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— PfiotOf/raph by Dr, H. M. 

FIG 18. A GIFU FISHING BOAT 

With pkojectino stem (vvitii ci:ank and cresset) and stern. Amidships are four baskets 

CONTAINING CORMORANTS. 


in Stone’s account quoted above. This 
recital, while interesting:, adds prac- 
tically nothing new. 

The next account of ugai at Gifu is 
the best of all the popular accounts listed 
herein, Mrs. May L. Cochrane saw 
things very clearly and describes what 
she saw so carefully and effectively that 
considerable quotation will be made 
from her spirited story in Asia, April, 
1925 (pp. 301-305).*^' In general she 
confirms the others, but in certain details 
differs. Siweii boats fished the river 
the night she was present. The one she 
was near (presumably identical with the 
others) was a 

16 Thin is done and cprtaia jAgiires are repro* 
ducod with the kind pcrmift«ion of the editor of 
Am. 


long flat-bottomed fisliing bout, which wan 
cleverly joined without niiila and reaeinblcd 
an Indian dugout [Fig. 18], The cormorant 
muster stood at the bow, eomniaudiug his birds. 
His understudy worked in the waist of the 
craft. One of the boatmen stayed near him 
[the understudy] in tlie center, and the other 
one, at his post near the stern, handled an oar. 

The birds were harnessed as previously 
described. There were twenty-four birds 
in each boat, twelve handled by the 
master, four by his assistant, and eight 
held in reserve. Remark is made on the 
dexterity with which the master handles 
his twelve reins, and the description of 
this is worthy of quotation : 

I saw that between his Angers he held, 
divided into grouxis, n number [twelve] of thin 
strings, which spread out fanwise from his left 
hand. With his right he kept sorting and dis- 
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cjitaiigling these strings with the dexterity of 
a trained puppet-master. At the other end of 
liis reins a dozen birds were darting hither and 
thither in intense excitement and apparently 
hopeless confusion, plunging out of sight be- 
neath the surface, reappearing unexpectedly 
several yards away, sometimes floating for a 
l)rief fraction of time quiescent ns toy ducks 
riding on the tiny waves of a basin of water. 

In addition to handling, the twelve 
birds, the leader kee])S up the lire and 
also directs tlie mt)vement of the boat, 
but nevtn- for one moment does he lose 
sight of a single bird. Surely he is as 
Argus-eyed as he is nimble-fingered. It 
evidently requires years of practice to 
acquire tlie requisite skill to be a cormo- 
rant master, and the rank of the fish- 
erman is strictly determined by his skill 
in handling his lines. 

The prey is taken in head first by the 
birds. Trout are easily handled, but 
long slender-bodied eels can not be tossed 
in the air and sw^allowed head first. One 
young bird held on to his desperately 
until the fisherman pulled him in and 
relieved him of his booty. The cord 
around the neck allows the passage of 
small fish, but to be sure that the birds 
have fed well, at the close of the fishing 
each is hefted,’^ and those which show 
up light in weiglit are fed on the smaller 
specimens of the catch. 

The cormorants are caught in the sum- 
mer and fall with birdlime spread on 
rocks around their haunts. The first 
caught has its eyelids temx)orarily sew^ 
up to blind it. Seeing it and hearing its 
cries, others fly to the rocks and arc also 
caught. The old ones are set free, but 
the young ones are put in baskets and 
carried to the fishing grounds. Here 
their eyes are unsewed and the birdlime 
washed off, but their wings are clipped 
to prevent their flying away. Next they 
are taken out in a boat once a day and 
(tethered with a cord) are taught to 
swim alongside the boat. If they con- 
tinue wild and try to bite their captors, 
their bills are tied up. After a few 
days (five or six) as they get used to 


their trainers, all their bonds are re- 
moved. Next these apprentices are 
taken out with trained birds to the river. 
At first the youngsters merely look on 
and swim about aimlessly while the 
trained birds fish. After four or five 
days, however, the young birds begin to 
imitate their betters and catch a few 
fish — probably hunger helps much in 
this learning period. By the opening of 
the next fishing season (t.c., about May 
15) the young birds begin to fish inde- 
pendently and by the end of two years 
become expert fishermen. 

The most experienced cormorant, the 
one longest in service, is called Ichi-han 
— '‘Number One/’ and as noted above 
he demands and is accorded special treat- 
ment. His place in the boat is nearest 
the bow or on it (Fig. 19), and here 
ready to fish, his value to his owner stands 
at some $75. Each of the younger and" 
lesser birds knows his place also, and 
if this has been preempted he makes 
known his wrongs in raucous shoutings. 
Fig. 19 shows the birds sitting on the 
gunwale in the order of seniority. 

Mrs. Cochrane concludes her inter- 
esting account with a very pleasing in- 
cident in which is recounted the means 
by which the cormorant master keeps up 
the morale as well as the physical health 
of his feathered helpers. Since this 
seems to be an essential part of their 
training, it will be quoted in full. Figs. 
20, 21 and 22 will illustrate the account. 

Presently one of the cormorant znasters 
loaded his baskets upon a dugout and pushed 
off. We followed in his wake to a quiet cove, 
where the boats were beached and the birds lib- 
erated for their daily bath. In a bunch they 
floated over the water, ducking and diving for 
their breakfast of minnows and other small fry. 
Ecstasy over freedom and contact with their 
native element was expressed in hoarse notes 
and many giddy episodes. The birds flew up 
just to swoop down and ''skid^' along on their 
tails, Tfrith webbed feet well up, spread * ^ full 
sail,” before they alighted to swim. Then for 
an interval they all beat the water madly with 
great sweeps of their wings, until the air was 
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— Photof/raph bp courtesy of Gifu Municipal Office 


FIG. 20. FISHING IS OVER 

And the (m^rmorants are landed on the BHiAOii. Note the dbkbb of the chief cormorant 
TAMER AND THE BUNDLE OF CORDS IN HIS LEFT HAND. 


filled with fountain sprays, glittering in the 
mom in g sun. 

Their surprising antics delighted me for a 
half hour. Then Ichi-ban went ashore, and nil 
the other birds followed. He chose a dry, open 
space among the bushes, turned his back to the 
sun, spread hi}« wings and fanned them slowly 
up and down. Forming in two linos directly 
behind him, all the others imitated his move- 
ments. This solemn rite went on ceaselessly 
and without a sound for at least ton minutes, 
until all feathers were dry. When some of the 
young birds started off on a fresh frolic, they 
had to be forcibly persuaded by the patient 
cormorant master to return, but Number One 
walked quietly to his basket and stood waiting 
to be lifted into it. Apparently he had put 
aside the frivolities of turbulent youth and now 
seemed content to sleep away, or blink away, 
the sunny hours, with a tranquillity and a peace 
utterly unknown in his wild state. With the 
philosophy of old ago he had accepted, in ex- 
change for his loss of hazardous freedom, sure 
food and a Imskct-homo among mankind. 

In Pig. 20 is shown the boat with 
the baskets amidships, an assistant and 


the chief fisherman with eight cormo- 
rants on the beach. In his left hand he 
holds in a bundle the lines, while his 
right is free to keep tliem from becoming 
entangled — just as Mrs. Cochrane has 
written. In Pigs. 21 and 22, the birds 
arc free on the beach, drying tlieir 
feathers in the sun. 

Dr. Nagamichi Kuroda, by impei'ial 
edict, went to Gifu early in the summt‘r 
of 1926 to study the fishing there. Here 
he apparently stayed some time, for, in- 
stead of describing some particular 
night’s fishing, he wrote a carefully con- 
sidered general article^’ dealing with 
the birds and the other apparatus used 
in the fishery. Prom his informing 
article;, certain matters confirmatory or 
contradictory of preceding statements 
will now be given. 

17 * ‘Cormorant Fishing on tho Nngnra 
River, Japanese Mdgaeme^ Tokyo, Ifl: 303- 
320. text figures. 1928. 



— rhotoffraph bp court cup of Gifu Municipal Office 
FIG. 21. F18HING OOBMOBANTS 

On TUFIR (’A(}ES AND ON THE BEA^H KPDEADINO THEIR WINOfl TO DRY IN THE SUN. TlIE YOUNOER 


BIRDS MAKE MU(’ll ADO OVER THIS, BUT TJIE OEDKI 

The oorniorHiits are of two kinds, the 
larj^er oi’ Selilep:(*l ’s eormorant (Phalo- 
crocorax capillatus Tenimiiiek and 
8chlepcl), wJiieh is most used, and also 
the smaller or Japanese eormoraiit 
called Kawatsu (P. carbo hanedav 
KiU'oda ). The latter dwells in trees, the 
former among* ro(dvS, To catch the larjirer 
form, the rocks are limed, and on them as 
a decoy is placed a captive bird with its 
eyelids sewed u]). Birds caught thus 
sell at 15 yen (about $7.50) on the av- 
erage. Wlnui trained they are worth 
from 150 to 300 ^yen ($75 to $150), 

With the eyelids sewed, the birdln are 
carried to their destination. Here the 
threads are removed, the wing feathers 
clipped, the birdlime washed off, and the 
birds tied with hempen cords are put 
in the water to swim about the boat. At 
first they art^ afraid of their trainers, re- 
fuse to fish (even for themselves) and 


ONES, LED BY ICHI-BAN, BEHAVE VERY SEDATELY. 

oft(*n try to bite the men. In this case 
their bills are tied up and they are left 
for some time. When somewhat tamed, 
their bills are freed and they are taken 
out on a shoal with tame birds to swim 
about the boats. Presently they begin 
to follow the example of the trained 
birds and so take fish for their own food. 
Since the cormorants are taken during 
the summer or fall migration, they get 
several months’ training before the open- 
ing of the fishing season in the following 
May. By this time they begin to work 
independently but still fear the fire and 
the noises. It generally takes from one 
to two full years of training to make a 
good fisher. The trainer studies the psy- 
chology of his birds and grades them 
accordingly. He gives each bird a name 
and always addresses it by that name. 
When fishing is to be done, the birds are 
lined tip on the gunwales of the boat in 
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— tty cuurte»y of Gifu Municipal Office 
FIG. 22. CORMORANTS ON SHORE 

DkYING THBIH FEATHEKS and RESTING IN THE SUN. NEARBY ARE THE BASKETS IN WHICH THEY 
ARE KEPT WHILE AT HOME OR WHILE BEING TRANSPORTED TO AND FROM THE FISHING GROUNDS. 


the order of proficiency, each bird know- 
ing? its place. If the birds grow lazy 
and do not want to fish water is thrown 
on them to make them do so. 

During the fishing season and also 
during early spring and late fall the 
keep of the birds presents no problem — 
they are simply taken out on the river 
and allowed to catch their own prov- 
ender. This is called e-gai or "‘feed- 
keeping fishing.” However, the tamers 
watch the birds, “hefting” them from 
time to time, and turning up the over- 
fed to free them of surplus fish, and 
encouraging the underweighted to catch 
more — the quantity of food always be- 
ing estimated by weight. During the 
winter, the birds are kept in a fowl 
room next to the trainer's house, and 
Ic-gai or domestic feeding is practiced 
in time of storms and when snow and 
ice prevent resort to the river. At all 
times the birds after being fed at 10 
P. M. are put to bed with their throats 


tied to prevent regurgitation. They 
“ruminate” until about 10 A. M. next 
day when their throats are untied and 
about 1 P. M. they fetch up the bones. 

The best birds are four to eight years 
old, at which time they are worth 150 
to 300 yen. Older than eight they begin 
to slow down in their work, though they 
can be used up to about fifteen years. 
The birds are brought to the boats in 
baskets having a central partition of 
board, with two “intimate” {i.e., 
friendly) birds in each half (see various 
figures above). Sometimes these are 
male and female, sometimes two females, 
but always friendly birds are put to- 
gether — ^non-friendly quarrel loudly. 
The night baskets have no partitions and 
contain two friendly birds only. A 
So much for the birds; now for the 
other apparatus used. The boats with 
their curious prows (shown in Fig. 19) 
are made of pine boards. They last 
from four to five years. The boats either 
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drift down stream or are propelled with 
oars and poles, while sails are sometimes 
used in pfoinj? to the fishing grounds as 
may be seen in Fig. 23. The oords or 
reins are made of the fine inner bark 
of the Japanese cypress, and those used 
in summer are longer than the winter 
cords. There are baskets for bringing 
the birds to the boat and for holding 
them previously, other baskets for hold- 
ing the fish, and another box-like basket 
for holding the pine wood and keeping 
it dry. However, none of these need be 
described. 

The dress of the chief cormorant tamer 
is very distinctive and is worthy of a 
brief description. He is easily recog- 
nized by his peculiar head-dress, called 
Ehoshi. This is made of hemp, is dark 
blue in color, and sometimes four feet 
long. It was formerly worn by old-time 


nobles, but now wound around the head 
it is a sign that the wearer is an expert 
cormorant fisher. It also protects his 
hair from sparks. His body is clothed in 
a dark blue cotton coat — Shozoku. Over 
this (seen clearly in Fig. 16) is a plas- 
tron of blue cotton cloth, a foot wide 
and one and a half long, to protect against 
sj)lashing water. Around his waist 
is a Koshimino, or kilt of dried grass, 
to protect his legs from water and from 
Ihe wings and claws of the cormorants 
while he is causing them to disgorge. 
These things are shown in Fig. 24. Fig. 
25 is from a photograph of the chief 
cormorant fisherman at Gifu in 1927. 
He is at tired in the dress just described. 

The fishing is carried on from May 11 
to October 35 on every calm night ex- 
cept full moonlight nights or when the 
river is turbid and the birds can not see 


— I'hotoi^raph by oourteay of Dr. H. M. Smith. 


FIG. 23. THE FISHINQ BOATS 

Ark oknerally rowed or poled to the pishing grounds, but ip the wind is pavorable a sail 

is SOMETIMES HOISTED TO SAVE THE MEN THIS LADOR. 
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— Photofjvaph hp courtesy of the authoritieii at Intiyama 

FIG. ii4. THE EQUIPMENT OF A (CORMORANT FISHER 
a, THE ehoshi; h, the plastuon; c, the cords for tying the cormorants; d, the koshimino; 
e, THE COAT. This is the equipment used at Inuyama. 


the fish. During the first (juartor of the 
moon tiie fishing is done after moon-set, 
during the last quarter before moon-rise. 
Seven boats are used at Nagara-mura and 
five at Sijiri-mura. Eaclihoat is manned 
hy a 01’ ehief eonnoraiit tamer, 

stationed in the bow and handling twelve 
birds. Amidships is his assistant, called 
Naikn-udzuluti, who fishes with four to 
six cormorants. In each boat are also 
two cormorants held in reserve, and any 
bird not up to standard before or during 
the fishing is replaced by a reserve fowl. 
There are two boatmen — the Ro-nori in 
tlie stern, and the Chi-nori in the waiat. 

The f -jo holds the Ta-nawa, or hand 
rope, made of the inner ends of the 
twelve cords from the cormorants, takes 
in and empties the full birds (the larger 
of whom can hold in the throat seventeen 
or eighteen fish of four to five inches in 
length), and feeds the fire. The as- 
sistant tends his birds and the two boat- 
men eauso the boat to follow the cormo- 
rants. Often the boats drifting down 


stream cliange places so that the best 
places may be equally shared. 

OOHMORANT FlSTIING IN THE ClIIKliaO 

AND Yabe Rivers at Night 
FROM Boats 

In Chikugo province, Fukuoka prefec- 
ture, in the northern part of the south- 
ern large island, Kyushu, Temminck’s 
cormorants are caught by covering their 
rocky roosts with birdlime in which 
human hair has been worked to make 
it more tenacious. This, it should be 
noted, is a distinct improvement over 
the method heretofore recorded. The 
birds are caught mainly by their tails 
and wings. The first caught are used as 
decoys for taking others. The fishing 
on the rivers named is done only at 
night but from boats slightly smaller 
than those used on the Nagara. These 
boats have only two men each as against 
four or five on the Nagara, one boatman 
and a cormorant tamer who handles 
only seven or eight birds contrasted with 
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twelve at Gifu. The season is the same 
as on the Nagara. There are ten boats 
on the Yabe, where the fishing is moii* 
thriving than on the Chikngo. 

Fishing at Fuktioka City in the Naka 

AND SaWARA RuTSUS AT NlGHT AND 
IN Daytime by Wading 

Here was formerly carried on (abol- 
ished about twenty-five years ago) a very 
unusual kind of eorniorant fishing. For 
knowledge of this we are indebted to 
Kuroda (1926). Let us hear first what 
he says of the night fishing. 

This fishing was done only on moonless 
nights. On moonlight nights the fish- 
ing was deferred until the next day and 
carried on in daylight. Each of the fish- 
ermen waded, carried a blazing torch, 
and fished his cormorants from the lower 
reaches of the river to the upper. Pre^ 
ceding the fishermen and the cormorants 


were cast-net throwers (U-saki-nchi) 
wdio caught the fright/cned fish as they 
fled upstream. These net-casters were 
sometimes hurtful to the cormorants, but 
w^ere generally used, because with their 
help larger catches were made, The 
cormorant rope spoken of in the next 
paragraph naturally could not be used 
at night. 

Kuroda says that the daytime fishing 
was carried on in the very outskirts of 
the city itself. Here follows liis ac- 
count. 

Seven or eight cormorant tamers made a 
group, and went [wading] ii]) the river, liand- 
ling their cormorants, with one fowl each on 
his left hand and a hand rope in his right hand. 
The eight fiahermen advance on their way [hy 
wading] abreast, and one of them who stands 
nearest to the bank and in the deepest place 
ties a Ll nawa or cormorant rope (which is a 
long rope, made of straw) on one of his legs 
and the other end of this cormorant rope, which 



— €!0urt6€p of Gifft Municipal Office 

FIG. 25. A PHOTOGBAPH OP SUB-LIEUTfiNANT YAMASHITA 
A CHIEF OORMOHAKT FISHER AT GlFU IN 1927, WEARING THE OFFICIAL DRESS OF UlS OFFICE. HE 
IS CAUSING A CORMORANT TO DISGORGE ITS CATCH. 



u 


THE SCIENTIFIC MONTHI.Y 



-- Phutooniph by Dr. J. O. Snyder 

FIG. LVJ. A OKGUP OF WADING CORMORANT FTBHEH^ 

Thebe men ply theiu trade on the shallow non-navihaule streams. Note the baskets 

FOR HOLDING THE FISH. 


crosiWiit the river, ih hold by a boy on the other 
aide of the river, the ahallower part, and 
dragfjfcd by him on hia alioulder along the bank, 
Bweet-flah going down the river arc fright- 
ened and checked by this rope and forced to 
run up, turning their direction, which facili- 
tates the cormorants to swallow them. One 
enst-uot thrower or two take their positions 
aliead of the grovp of the cormorant tamers. 
. . . Unless these net throwers are employed 
the fishing has no success. The U-jo carry 
KoM teho or loin baskets about their loins 
[Fig. 20], and when the fowls have swallowed 
some ten fishes, large or small, they make them 
expel the fish into the Konhirteho. 

From this description, the function 
of the cast-netters is plain as is that of 
the cormorant rope — which is necessarily 
not used at night. This last device is, 
by the way, well known to the South Sea 
islanders, who utilized it for herding 
fish in precisely similar fashion. The 
cormorants used at night are not fed 
until early next morning, while the day- 
light fishers are fed immediately the 


fishing (lasting two to three hours) is 
over. The birds are fed but once a day 
and are only employed after they have 
vomited out the undigested fragments 
of bone from the prectiding meal. 

Here then we have an entirely new 
form of cormorant fishing, boats being 
dispensed with and the fishermen wad- 
ing along behind the cormorants. Cast- 
net fishermen are used as auxiliaries, and 
in the daytime the fish are herded along 
by the device of the ‘‘cormorant rope.^^ 
This fishing is of course a purely com- 
mercial transaction. Such a group may 
be seen in Pig. 27. 

Cormorant Fishing near Tokyo in the 
Sagami (Baku), Tama (Eokitgo) 
AND Ara (Sumida) Rivkrs at 
Night and in the Day- 
time BY Wading 

These streams enter into the Atlantic 
Ocean, and the cormorants used, the 
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Kawatsu (the smaller or Japanese 
birds), are caught mainly on the coasts 
of Tokyo Bay. The fishing, which is 
carried on both at night and in the day- 
time, was (so far as I know) fii^t de- 
scril^d by Jouy in 1888.’“ lie visited 
the Banugawa (about twenty-five miles 
from Tokyo) in 1886, and saw this fish- 
ing on a moonlight night (‘‘a bad night 
for fishing”). The river was twenty- 
five to fifty yards wide and had a swift 
current. Here follows Jouy’s account. 

The mail with his bird was waiting for us on 
the stony of the river, with his torch of 
pine-fnt burning briglitly. The bird {Phala- 
cromrar sp.) was very tame, ami sat perched 
on a rock close by. A cord was tied pretty 
tightly around the lower part of the throat and 
between the shoulders, from which was attached 

P, Jouy, ^‘On Cormorant Fishing in 
Japan,” Jm^riaon Naturalist, 2‘J: 1~3, 1888. 


a piece of bamboo (having a swivel at each 
end), long enough to extend beyond the bird 
wings and prevent fouling of the cord while 
the bird W'us put in the water. The man car- 
ried a basket at his side to pyt the fish in, and 
a sort of apron in front to hold pine chips for 
the light. The lantern was a wire cage or 
basket placed on the end of a long bamboo pole. 
This, with the cord attncluMl to the bird, which 
gives him a range of about twenty feet, is held 
in th(! left hand, the right Ixiing employed in 
guiding the bird, replenisliing the fire and 
taking the fish. 

Everything lacing ready, the fisherman takes 
the torch in his left » hand, and clasping the 
cord, to which the bird is attnehed, wades out 
into the stream, the bird following him and, 
after performing a hasty toilet, dipping his 
head and neck in the water and preening him- 
self, begins the business of the night. The 
flshernmu holds the fire directly in front and 
above the bird 's head, so that it cun see tho 
flslv in the clear water. The bird seems to bo 
perfectly fearless, and as he comes up sparks 



^•Photograph hir Br. J. O, Bnpder 
FIG. 27. FISHING WITH OORMOBANTS BY WADING 

U-JO, WITH ()ORMORANT8, AND TWO UANDLSRS OF TU® HET. 
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— Photograph by Dr. J. 0. Snyder 
FIG. 28. THE CORMORANT TAMER 

Stands at ('ou'J'SidfJ) the net, the two netters draw a’liE net in the form of a trianole 
WITH THE cormorant NEAR THE APEX. 


of fire lire eoustawtly falling on liis head and 
back. 

Th(’ fishing is done u|v stream, the man find- 
ing it all he could do to keep pace with the 
bird ns the water surges up nearly to his thighs; 
in fact, it was hard work for us on shore to 
scramble along among the rocks in the uncer- 
tain light and watch the bird at the same time. 

The bird dives, swims under water for eight 
or ten yards, comes up and is down again, 
working very rapidly and constantly taking 
fish. When the fishes are small the bird is 
allowed to retain two or throe in his throat at 
a time, but a fair-sized fish i.s immediately 
taken from him and put into tlio basket. 

Huring a space of half an hour fifteen fishes 
were taken, which was pronounced a good catch 
considering the brightness of the night. The 
largest of these fishes, which were all of the 
same species, w^ere nine to ten inches in length, 
and having been taken immediately from the 
beak of the bird were scarcely bruised. The 
largest and best of these we had the next morn- 
ing for breakfast, the others we gave to our 
friend, the cormorant, who was kindly assisted 
by his master to get them past the cord which 
constricted his throat so that he could not 
otherwise have swallowed. 

The birds are trained especially for the work, 
and do not fish in the daytime. Our bird was 
two years old, and was considered a very bright 
and active fisher, having on good nights, fishing 
all night, caught as many as four hundred 
fishes — three hundred was considered a fair 
night’s work. Only calm nights are available, 
and the ilarker the better. 

That veteran, ichthyologist, David 
SJljarf Jordan, 'describes in the following 
lively fashion daytime fishing with the 
birds in the Tamagawa or Jewel River, 
about ten miles east of Tokyo.” 

David Starr Jordan, Fishing for Japa- 
nese Samlets [with Cormorants] on the Jewel 
River,” Outing, 40: 23-25. Figure. 1902. 


At the farmhouse' . . . we scud for the boy 
who brings our fiahing-taeklc. 

They come waddling into the yard, the three 
birds with which wc are to do our fishing. 
Black cormorants they arc, each with a white 
spot behind its eye, and a hoarse voice, come 
of standing in the water, with which it says 
y-migh whenever a stranger makes a friendly 
overture. The cormorants answer to the name 
of Ou, which in Japanese is something like the 
only word the cormorants can say. The boy 
puts them in n box together and we set off 
across the drifted gravel to the Tamagawa. 
Arrivc'd at the stream, the boy takes the throe 
cormorants out of the box and adjusts their 
fishing-harness. This consists of a tight ring 
alK)ut the bottom of the neck, of a loop under 
each wing, and a directing line. 

Two other boys take a low net. They drag 
it down the stream, driving the little fishes — 
ayu, eahko, hai and all the rest — before it. The 
boy with the cormorants goes in advance. The 
three birds arc eager as pointer dogs, and ap- 
parently full of perfect enjoyment. To the 
right and loft they plunge with lightning 
strokes, each dip bringing up a shining fish. 
When the bird’s neck is full of fishes down to 
the level of the shoulders, the Imy draws him 
in, grabs him by the leg, and shakos him un- 
ceremoniously over a basket until all the fishes 
have flopped out. 

The cormorants watch the sorting of the fish 
with eager eyes and much repeating of y-eugh, 
the only word they know. The ayu are not for 
them, and some of the kajikas and hazes were 
prizes of science. But zahko (the daee) and 
haii (tbe minnow) were made for the cormo- 
rant, The boy picks out the chubs and minnows 
and throws them to one bird and then another. 
Each catches his share ”on the fiy,'^ swallows 
it at one gulp, for the ring is off his neck by 
this time, and then says y-eugh, which means 
that he likes the fun, and when we are ready 
will be glad to try again. And no doubt thny 
have tried it many times since, for there are 
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plenty of ftslies in the Jewel River, zalcko and 
hai aa well as 

Kuroda (1926), in his authoritative 
paper previously cited,'’ writes of cor- 
morant fishing in the district in which 
are found the three rivers referred to 
above. After noting that fishing in these 
streams is carried on only in the day- 
time, he goes on to say that : 

. . . one chief cormorant-tamer and two as- 
sistants make a group [Fig. 27], but somctimoH 
two cliief tamers, two assistant -tamers and ono 
Haki kago (carrier of a basket for sweet-llsh 
caught), form a group. In the former instance 
the U-}o himself carries a Haki-kago, and in the 
latter there is a man specially charged with car- 
rying it with him. The U-jo puts his cormorant 
on his left hand and enters the river, a hand- 
rope in his right hand, and fishes going upstream, 
but sometimes ho fishes going down the river. [In 
this case] The fowls are handled so as to swim 
down the river, following the current of the 
water. 

At the iH'giniiing two assistants, who stand 
at each end of a net with a chief cormorant 
tamer at the center [Fig. 28] drag the net, 
long and slender . . . with many weights hang- 
ing on its edge and with hand-ropes ... on 
both ends. Those two assistants take care that 
the U-jo or chief tamer | standing below the 
netf] steps on the lower edge of the central 
part of the net so as not to Jet it drift away. 
Within this enclosure the cormorant is imme- 
diately set free. The net is stretched so as to 
form a triangle by the force of the current. 
The two assistants narrow the net by hauling 
on both ends from right and loft, and go up 
the river against the current of the stream. On 
the part of the V-jo, he stands at the same spot 
without moving ovoii an inch until the fishing 
[in that pooll] is over [Fig. 28] . When the 
fowl has swallowed many fishes he makes it 
expel them, by drawing it near to himself, and 
then immediately lets it free again in the 
water. This method is repeated several times, 
and when the two assistants approach the chief 
tamer the sweet-fish in confusion run up 
towards the center of the net, swimraing 
against the current of the river, and it is at 

*<5 This account is republished in Jordan ^s 

Guide to the Study of Fishes,'^ New York, 
1906, vol. 2, pp. 116-118. It is referred to in 
vol. 1, pp. 833-336, and two figures from J. O. 
Snyder are shown. It is also found in his 
lateet book, Fishes,'^ New York, 1926, pp. 
142^144, Figures 107 and 108. 



FIG. 29. DIAGRAM 

Showing the net held by the two nettebs 

(1 AND 2), AND THE CORMORANT MASTER (3) 
WITH THREE BIRDS IN THE ANGLE OF THE NET. 



FIG. .30. DIAGRAMMATIC SKETCH 
By Dr. J. O. Snyder to show how the har- 
ness 18 FASTENED TO AND ABOUND THE CORMO- 
RANT'S NECK AND WINGS. 



— Photograph hy oourteay of Dr. Kuroda 

FIG. 31. THE SWEET-FISH, 

THE ATU OB AI 

Showing the marks where it was caught 

BY THE BEAK OF THE CORMORANT. ITB SCIEN- 
TIFIC J7AME IS Pl€00gl0S8U9 (PLAITED TONGUE) 

altivelia (high sail), and it is a member of 
THE family Salmonidab. 
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thiB moment that the cormorant can swallow 
many fish. Thereupon the flshinif cornea to a 
clone. This mode of fiahinK' can not bo apjjlied 
to a pool which ia too deep, it being confined 
to fluch a depth as a man can keep standing 
in. 

The distinction between fishing up- 
stream and dowui, the position of the net 
with ref<ard to the l/-jo and the cormo- 
rants, whether the birds swim uj) or 
dowui and catcli the fishes ffoing against 
or with the current — all these matters 
are not very clear, but in any case 
Kuroda’s own w^ords are given. The 
matter, however, is definitely set out in a 
communication from Professor J. O. 
Snyder, wdio saw^ this fishing in the Tama 
River in 1900. His letter wdth his illus- 
trative diagrams (Figs. 29 and 30) is 
reproduced herewith with Ids permission. 

In BO far as I am able to recall, the practice 
of fishing with cormorants is carried on in only 
a few localitioB in Japan — I know only of Lake 
Biwa, the Nagaraknwa province of Mino, and 
on the Tamagawa, which is within easy reach 
of Tokyo. The pioturoB [Figs. 2(i, 27, 28J 
were made at the Tamagawa in 1900. At 
Lake Biwa and the Nagarakavva (Nagnra 
River) fiahiug is done at night wdtli torches; 
at the Tamagawa (Tama River) it is done by 


daylight. At the latter place tlie fishermen 
wado in the stream, driving the fish by moans 
of a fine-meshed net with leads on the lower 
edge and floats alaive. The net is drawn seine- 
fashion, a fisherman at either end [Fig. 29], 
while the man who manages the birds wades 
near the middle of the net, which drags against 
his legs. The birds work back and forth within 
the angle of the net. Each bird is held by a 
leash, a long line made of fiber from the bark 
of a tree, the llinohi. This leash is attached 
in turn to a strip of whalebone about one foot 
long. This serves to keep the leash from en- 
tangling the wings or legs of the bird. The 
whalebone is attached to a harness or hempen 
cord, one strand passing around the neck, and 
one backwards anti aromicl eacli wing, meeting 
in front. The neck Btraiid may be tightened to 
constrict the pouch. This harness is used at 
both the Nagarakawa and Tamagawa fisher- 
ies [Fig. ,‘10]. 

I believe that cormorant fishing is a sport- 
ing, rather than a commercial affair. At the 
Nagarakawa the fishermen may be engaged 
along with a sort of houseboat where meals arc 
served, the little Ayu furnishing a most de- 
licious dish. Music, geisha girls and various 
decorations often lend a festive air to the 
occasion. 

With this very pertinent first-hand 
description, I close Ihc accounts of “Cor- 
morant Fishing in Japan. “ 



ASPECTS OF NUTRITION AND METABOLISM 

IN CHINA 

By Dr. WILLIAM H. ADOLPH 

intOKEKSOIt OF (MIEMIHTIJY, YKNC'HINO UNlVEKftlTY, PKKINO 


This ro])ort is nn attempt to sum- 
marize the present state of knowledf^o on 
the nutrition and metabolism of th(‘ 
Chinese, (^hina presents the interesting: 
situation of a peoyde who have lived in 
almost eom])lete isolation, whose dietary 
habits therefore must ri'present definite 
responses to definitely local stimuli or 
racial traits. And the leng:th of time 
involved has broug:ht (diina more nearly 
to a state of economic and nutritional 
e(pnlihrium than can ordinarily be at- 
tained. The adjustments which the 
human mechanism has made to these in- 
fluences i)reS(*nt interesting: tojiics of 
study. Moreover, the Chine.se i)eoy)le are 
sufficiently numerous and homogjeneous 
that a reliable biochemical averag:e is 
easily possible. 

Some of those who first came in con- 
tact with China’s nutrition problem ex- 
pected to find a mechanism which not 
only operated on an entirely different 
intake level, but which also involved 
fundamental differences in the metabolic 
process such as mig:ht characterize a dis- 
tinct species. In this direction there has 
been disappointment. The first studies, 
begun a little over ten years ago, were 
concerned with a systematic examination 
of food materials and their analysis. It 
was shown that the food materials of 
the Orient were quite similar to those 
of the Occident, ai)art from one or two 
items such as the soy-bean which" China 
had been led by her economic situation 
to exploit to a peculiar degree. 

Certain characteristics of the food in- 
take are shown in the accompanying 
Tables I to III. The division into North 
China and South China is a well-recog- 
nized one. Climate, habits of life and 
agricultural conditions differ greatly in 


these two areas. The figures for North 
China are averaged from the diets of 
about 1,500 individuals from middle- 
class families, the dietary records for 
each individual or family extending over 
periods of several weeks or more. Some 
of these dat^ were gathered by the 
author in the Chee-loo University labora- 
tory; the remainder include those re- 
ported by Wu and Wii^ in Peking. The 


TAHLE I. Chikese dietaries. 

(^IMPOSITION IN PER(’ENTA(JKS HY WEIGHT 



NortJj 

HoutJi 

United 


C^hinii 

China 

Btati*s 

(^Dmxlw 

57.0 

59.7 \ 


liOgumeB 

. , 7.H 

18.2 j 


VegrtabloH and fruitw 27.1 

21.0 

20 

Hugar and atareli . 

0.2 

0 \ 

14 

Flits and oils 

O.H 

1.J ( 

Meat and fish . 

;i.9 

0 

18 

EkB* 

0.5 

0 

5 

Milk and cheese 

, . 0 

0 

15 

Other foods 

2.7 

0 

.3 

TABLE 11 

Chinese 

DIETAIHES. 


Intake of total 

food, protein, fat, 

(ARBO- 

HYDRATE AND CALORIES PER 

MAX PER 

DAY 


North 

Booth 

United 


Cliina 

China 

States 

Total food (gms) 

... 11H8.0 

1.30.3.0 


Total protein (gms) .. S(J.4 

87.1 108.0 

Total fat (gms).... 

M.l 

27.2 


Total cavb. (gms).. 

5:i7.0 

004.9 


Total Calories 

2794.0 

.3008.0 .32 

50.0 

Calcium (gins) 

0.3.37 


0.740 

Phosphorus (gms) 

.. . 1.178 


1.030 

Iron (gms) 

0.0187 

0.0179 

Average weight 

of 



mad (kilos) 

00.0 

54.0 

70.0 


1 H. Wu and D. Y. Wu, ChitL J. Phyaiol Eep. 
Srr. 1 : 135, 1928. 
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TABLE 111. CrnNERE dietaries. 

PElK^KNTACiE DISTRIBUTION OF PROTEIN AND EN- 
ERGY AMONG DIFFERENT OIlOUPS OF 
FOOD MATERIALS 


North South Uni tod 

China China States 



Pr. 

Eu. 

Pr. 

En. 

Pr. 

En. 

Oreals 

75.2 

8:l;i 

84.2 

91.9 

37.3 

38.2 

Legumes 

Vegetables 

10.6 

3.9 

6.8 

1.21 

1 

1 

1 

\ 10.5 

12.1 

and fruits . 
Sugar unci 

. 4.5 

2.9 

9.0 

2.8 J 

1 


starch . . 



0.5 

... 

0 

0.1 

10.1 

Fats rind oils 



3.5 


4.1 

0.3 

10.3 

Meat and tislv. 

. 8.1 

4.8 

0 

0 

35.3 

19.0 

Eggs 

Milk and 

. 0.8 

0.2 

0 

0 

4.6 

1.8 

cheese 

. 0 

0 

0 

0 

11.6 

8.1 

Other foods . 

, O.S 

0.0 

0 

0 

0.3 

0.4 


fig:iires for the -American diet are taken 
from Sherman.- The data for South 
China are reported by Powell,^ and are 
for day-laborers; the day -laborer rep- 
resents an extreme rather than a middle- 
class average. The most outstanding 
feature of these tables is the high con- 
sumption of cereals (wheat bread in 
North China and steamed rice in South 
China), the absence of dairy products, 
the small amount of meat consumed and 
the low values for total protein. 

Observations reported elsewhere* on 
Chinese dietary habits show how greens, 
raw vegetables, sprouted soy-beans, 
short-time cooking, are some of the qual- 
itative devices which blind experimenta- 
tion has led the Chinese to employ to 
supply vitamines and similar essentials. 
Certain districts have reverted to a mix- 
ture of cereals rather than depend on a 
single vegetable protein, apparently with 
profit. Abundance of roughage is char- 
acteristic of the dietary; constipation 
and the use of pills are almost unknown. 

® H, C. Sherman, Chemistry of Food and 
Nutrition,'' 1926. 

8 M. N. Powell, Chin. J. Physiol Mep. 8er. 1: 
129, 1928. 

' 4 W. H. Adolph, Amer. Food J., 20: 441, 1925. 


The value for protein though low is 
in effect still lower when it is remem- 
bered that the oriental diet is a very 
bulky diet and that the coefficient of di- 
gestibility of protein is lowered accord- 
ingly. Atwater, quoted by Sherman, “ 
gives 92 per cent, as the degree of di- 
gestibility for protein in the ordinary 
American mixed diet. Oshima" finds 78 
per cent, for the more bulky vegetarian 
diet, while McCay,*^ studying the bulky 
rice diets of India, shows that a con- 
sumption of 766 grams of rice (dry 
weight) per day will lower this coeffi- 
cient to 52 per cent. The South China 
diet here reported is such a rice diet ; in 
other words, 67.1 grams of ingested pro- 
tein per day becomes an effective 35 
grams per day! No experimental data 
on the coefficient of digestibility of pro- 
tein in the Chinese vegetarian diets have 
as yet been reported. We are hoping to 
secure such data. 

There has been too great a tendency 
on the part of the China enthusiast to 
extol rather than sanely to evaluate. It 
is commonly asserted that the mass of 
the Chinese people live just on the fringe 
of starvation, or just wdthin the fringe 
of an animal existence. This is true, and 
while it is interesting to note how China 
by a sort of blind experimentation has 
selected just those food materials which 
under prevailing economic conditions 
most effectively meet nutritive needs, the 
Chinese people have been too often com- 
plimented on their ability to thrive on 
this fringe of existence. Attention has 
been called to the tall, apparently robust 
physique of Shantung, and the world 
traveler reminds us of limitless capacity 
for toil and labor, but the fact remains 
that tlie mass of the people are danger- 
ously underfed. Nutritional science to- 
day is interested in the optimum metab- 

8 K. Oshima, Japanese InTestigations on 
Nutrition of Man," 1905. 

0 D. McOay, * * The Protein Element in Nutri- 
tion," 1912. 
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olism, not in mere existence, and the 
problem before the Chinese people is one 
of improved growth and vigor rather 
than mere maintenance of equilibrium. 

Famines in China show definitely that 
the Chinese diet allows no emergency 
reserve, for a slight lowering of the qual- 
ity and quantity of food intake produces 
immediate disaster. Careful observa- 
tions oil athletic squads, school kitchens 
and hospital groups have shown how 
intimate is the relationship between food 
intake and health. Overwork among 
students manifests itself, not as nervous 
breakdown, but as tuberculosis. One 
director of a large nursing school found 
that she could reduce the annual tuber- 
culosis casualties among her student 
nurses either by improving the food, or 
by reducing the number of hours of work 
per day. Either method was equally 
effective. Wu and Wu^ have fed typical 
Chinese and typical American diets to 
laboratory rats and have demonstrated 
the superior growth-promoting proper- 
ties of the latter type of diet. 

Famines in China have furnished ex- 
cellent ojiportunities for observing 
dietary requirements. In the famine of 
1921, one of the relief commissions set 
out definitely to determine the minimum 
amount of food for a living diet. It was 
determined that a daily ration of ten 
ounces of mixed cereal and soy-bean 
plus four ounces of vegetable and a 
small amount of salt, yielding a total of 
1,200 Calories, would support a man if 
he did no work. Seventeen men were 
sustained on this diet for ten weeks, 
weighings being taken every few days. 
The report is that the men seemed quite 
content on this diet and looked well. 
Others on the same diet but who worked 
during this period lost heavily and had 
to receive a double ration. These data 
then were used as the basis for a relief 
ration for some tens of thousands of peo- 
ple. Buch data almost approach the 
conditions of a basal metabolism test. In 


this same famine the American Red 
Cross employed an average of 20,000 
men in road construction work for seven 
months ; they were placed on a well-bal- 
anced diet furnishing about 2,800 Calor- 
ies, the diet being composed essentially 
of mixed cereals with fresh vegetables.'^ 
At the same time in an adjoining area a 
similar group were fed a similar cereal 
ration without the fresh vegetable ad- 
mixture. The second group were ob- 
served to be lacking in energy ; their gen- 
eral health was poor, and they became 
an easy prey to contagious disease. 
These data were as convincing as any 
I)re8ent-day experiments on laboratory 
rats, and in addition the exiDeriment in- 
volved a large number of individuals. 
Lack of transportation in China, as well 
as the existence of natural division lines, 
means that it is possible to set off large 
areas for experimental purposes, and in 
times of famine thousands of people be- 
come available en masse as experimental 
subjects. 

The tables presented show a very 
small meat intake. Table IV indicates 

TABLE IV 

Meat consumption or the principal countries 
or the world (grams per capita per day) 


United States 

149 

Great Britain 

130 

France 

92 

Belgium and Holland 

86 

Austria-Hungary 

79 

Russia 

59 

Spain 

61 

Italy 

29 

Japan 

25 

China (North) 

15 


the place which meat occupies in the 
diets of the nations. The figure for 
China is estimated from trade reports; 
data for the other countries are those 
quoted by Robertson.® Tlie importance 

7 H. C. Embrey, Am. J. PM. Health, 12; 
514, 1922. 

«T; B. Robertfton, * ^ Principles of Biochem- 
istry, 1924. 
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of meat may still be a moot point, but 
the experience of the Chinese people 
would seem to confirm the thou{?ht that 
a vej^etarian diet is at least not impossi- 
ble. Their present food habits have (u^r- 
tiiinly not been preatly altered for at 
least 1,500 years, and possibly not for 
3,000 ;N'ears. There is no room here for 
philosophizing: on the place of meat in 
the diet. One who has been in contact 
with the nutrition problem in the Orient 
willingly subscribes to the observation 
that meat di(*1 seems to be characteristic 
of the most aj?| 2 :ressiA’c peo])les of the 
world. 

The tiprure for calcium (Table IT) is 
low. The amount may not be low 
enouprh to cause disease, but like many 
of the other diet^iry factors it seems to 
be just low enouj?h to prevent optimum 
{growth. Public healtli authorities re- 
port the following: as the common dis- 
eases of China : tuberculosis, beri-beri, 
xerophthalmia, rickets and osteomalacia, 
while those infrequent are : ai)pendiciti8, 
ffastric ulcer, grout, rheumatism, gall- 
stone and obesity, Not(‘ that most of 
these are recognized as nutritional dis- 
turbances. 

Interest in the basal metabolism of the 
oriental peoples was stimulated by an 
experiment on a few (Chinese women 
students in an American institution 
which showed a lower basal metabolic 
rate.” Takahira^® in Japan had con- 
cluded that the basal metabolism of 
Japanese and Americans is essentially 
the same. Data gathered by Earle^^ for 
C'hina, as yet incomplete, indicate that 
the basal metabolism for the Chinese 
may be slightly lower. Ling,^* studying 
blood constituents, finds that the mean 

»G. Macf^eod, E. E. OmftB, F. Q. Benedict, 
Jm, J. Physiol, 7:J : 444, 3925. 

10 H. Taknliira, “ProgresB of the Science of 
Nutrition in Jnpan, ’’ p. 13, 1926. 

H. G. Earle, Chin, J. Physiol Brp. Ser. 1 : 
59, 1928. 

'12 8. M. Ling, Chin. J. Physiol Bip, 1; 
339, 3928. 


for North China exhibits only very 
slight differences from the normals for 
Americans. The bl(K)d pressure of 
Chinese would seem to be lower than the 
normal in the United States.^' The 
Chinese as a rule excrete less chlorine 
than Westerners. Metabolism studies 
show that higher amounts of creatinine 
and uric acid are excreted;*'^ the higher 
excretion of uric acid may be related 
to the tea habit, while in South China at 
least the amount of ammonia nitrogen 
excreted is exceptionally high.^'' Hut 
South China is really subtropical, and 
the whole subject of metabolism in the 
tropics is still unsolved. Among the 
nio.st intere.sting data being collected are 
those which show how the blood pressure 
of the American moving his n^sidence 
from the United States to North China 
approaches the 1ow(t Chine.se norm.^'^ 
The basal metabolism for Westerners in 
South China^^ is apparently lower than 
the recognized American and European 
standards. 

Dietary and metabolic habits must be 
either inherited or environnumtal. 
While many data still i^emain to be 
gathered, evidence so far points to envi- 
ronmental factors as the influential ones. 
South China and North China present 
distinct types of climate, and wdien the 
.southern Chinese emigrates to North 
China and finally adopts the food habits 
of North China, which incidentally he 
does with reluctance, his sons begin to 
approach in stature and weight the 
larger standards of North China.’ ^ 
Studies on the Japanese who have emi- 
grated to the United States’® show that 

0. L. Tuiig, Chin. J. Physiol Bep. Sf r. 3 ; 
93, 3928. 

1* B. E. Read aiul 8. Y. Wong, Phil J. Sc., 
22: 127, 3923. 

8, Y. Wong, Chin. J. Physiol Bep. Ser, 1: 
123, 3928. 

J. A. OampbpH, Bioch. J., 13; 2-39, 1019. 

17 H. Nechelea, Chin. J. Physiol B^p. Set. 1: 
80, 1928. 

IK K. Kanzaka, Annuls Am. Acad. Pol Soc. 
SM., 83; 88, 1921. 
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the new environment of food and climate 
is producinfiC a larger physique. South- 
ern Chinese who emigrated to Hawaii 
are found to have attained a greater 
average height after several generations 
in the new environment.^'’ There seems 
to be general agreement that the differ- 
ent races which make up the jmpulation 
of the United States now metabolize on 
the same fdanc, and that so-called racial 
metabolic* traits, if there were any, have 
quite disap]>earcd. There may even be 
an inherited racial difference between 

i“V. B. Appleton, China Mrd. J., 40: 259, 
1920. 


the northern Chinese iind the southern 
Chinese, but it would appear to have no 
influence on tJie metabolism of the or- 
ganism equal to that of climatic environ- 
ment and dietary habits. 

In conclusion, dietary studies in 
China indicate wide-spread conditions of 
undemutrition. Climate and environ- 
ment in turn seem to have produced a 
temperament which accommodated itself 
to a low protein consumption and to a 
lowered metabolism generally. A t3q)e 
of blind experimentation has aided the 
(liinese people in reaching probably the 
best solution of a bad situation. 







THE FIRST PICTURE OF AN AMERICAN 

BUTTERFLY 

By Dr. W. J. HOLLAND 

CAKNK(;1E MUSEUM, PITTSUUIIGH, TENNSYLVANIA 


On tho plate we give a photographic 
reproduction of tlie very tii^st drawing 
of an American butterfly madt* by the 
hands of man. It fortunately still exists 
in the library of the British Museum in 
Bloomsbuiy, London. To the trustees 
of that library I am indebted through 
the kind intervention of my friend, 
Captain N. D. Kiley, of the Natural 
History Museum in South .Kensington, 
for the privilege of being able to repro- 
duce it. 

While the picture itself possesses 
great interest, the inscriptions on the 
right side of the plate are even more in- 
teresting. These have never before been 
published. The lower inscription is as 
follows : 

Ilanc d Virginia Americana Candidiin 
ad me Pietor detulit, 1587 » 

Literally translated it is, “Candidus, 
the Painter, brought this to me from 
American Virginia, 1587,” The demon- 
strative pronoun '‘hanc” being feniL 
nine, the ellipsis must bo that of a 
feminine noun. This might b(! ‘ * rem ' ^ = 
thing, or ” picturam ” = If the 

writer had used the masculine ”hunc,” 
it might mean ‘ ' papilionem ' ’ = butter- 
fly; if he had used the neuter ‘"hoi*.” it 
might mean “speeimen. ” The use of 
the feminine, taken in conjunction with 
the use of the word **Picior,^^ leaves no 
doubt that the writer of the insetiption 
meant to designate the very picture, or 
identical thing, upon which he was writ- 
ing, a$ having been brought to him from 
^‘American Virginia” in 1587. 

Th^ word ”Candidus,” given as the 
name of the donor, is good Latin for 


White. The inscription thus rendered 
reads: White, the painter, brought this 
pi(*tuix> to me from American Virginia, 
1587.” Thereby hangs a talc. 

The inscription recalls the story of the 
first attempt made by Englishmen to 
establish a colony in the New World. 

Sir Walter Raleigh, having received 
from Queen Elizabc^th a patent for col- 
onization, sent out Philip Amidas and 
Arthur Barlowe in 1584 to seek a suit- 
able place at which to locate a colony. 
They soon returned with a glowing ac- 
count of what is now the coast of North 
Caiulina. At that time the whole Atlan- 
tic coast of North America north of 
Florida was called Virginia in honor of 
”The Virgin Queen.” In fact, some of 
the early writers speak of ”the continent 
Virginia.” On June 9, 1585, one hun- 
dred and eight colonists under Ralph 
Lane sailed from Plymouth in seven 
small vessels. The commander of the 
fleet was Sir Richard Grenville. The 
colony was landed at the north end of 
Roanoke Island on August 17. A week 
later Grenville sailed on his return to 
England. In the following year on June 
19 the colony, half starved and in fear 
of their lives from hostile Indians, sailed 
for England in the fleet of Sir Francis 
Drake, which had appeared at Roanoke. 
Only a few days after these first colo- 
nists had set sail on their return Sir 
Richard Grenville again arrived at the 
spot with provisions and more colonists. 
Only fifteen of those whom Grenville 
brought out on this second expedition 
consented to remain. Grenville again 
returned to England. Raleigh resolved 
to send a third body of colonists. John 
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Flske in his “Old Virginia and Her 
Neighbors,” relating the story ot* this 
adventure, says: “John White, a man 
deft with water-colours, who had been 
the artist of Lane’s expedition, was their 
governor.” With White went his 
daughter and lier husband, Ananias 
Dare, who helped in the care of the 
party. They arrived at Roanoke Island 
on July 22, 1587, and were forced to 
remain there, for the sailors refused to 
go to the Chesapeake, whither they had 
intended to remove the colony. Not a 
trace of the fifteen colonists who had 
been left the year before could be found. 
On August 18 White’s daughter Elea- 
nor, Mrs. Dare, presented her husband 
with a baby daughter, the first child of 
English parentage bom in the New 
World. On August 20 the child was 
baptized Virginia Dare. White not long 
after returned to England for supplies 
for the colony, but wlum he came back 
the iKixt year the company of over one 
hundred persons whom he had left be- 
hind had vanished, and all that could be 
discovered was the word “CROAT AN” 
carved on a tree. From this it was in- 
ferred that they had gone away with 
Indians of that name, among whom in 
later years were found people of ap- 
parently mixed blood, bearing English 
names, who were thought to be descen- 
dants of the “lo.st colony.'’ 

Among those “lost” in the piny 
woods about Hatteras were White's 
daughter, Eleanor, her husband, Ana- 
nias, and their baby daughter, Virginia 
Dare. It must have been with a heavy 
heart that White, bereft of daughter 
and grandchild, again set sail to return 
to England. 

There seems to be no doubt that the 
picture was painted by John White, the 
commander of Sir Walter Raleigh’s 
third expedition to “Virginia” in the 
year 1587. It represents (in impression- 
istic stylo) the male Tiger Swallowtail, 


one of the common butterflies of the 
Carolinas, Papilio turnus Linn., the 
dimorphic female of which is Papilio 
glaiicus Linn. 

Hut there is another inscrii)tion on 
the original drawing in a different hand 
from that which we have been consider- 
ing, and written with different ink. It 
is *'Mamank ajiois.** What does it 
mean? 1 think it is the Indian name of 
the inseet.^ We can fancy White, “deft 
in the use of water-color's,” receiving the 
butterfly from the hands of an Indian 
lad, seating himself with a scrap of 
paper, rapidly painting the picture and 
interrogating the boy for its name, 
which While scribbled upon the margin 
of his sketch. 

But now another question arises. 
Who was the man who wrote the words : 
“//ttnc e Virginia Americana Candidus 
ad me Picior detulit, 1587*' f Who was 
“me”? 

A wood-eut of the original painting 
first appeared in that curious and now 
very rare old book; “Inseetorum sive 
Minimorum Animalium Theatrum. ” 
The authorship of this book is exceed- 
ingly composite and a long time elapsed 
between its inception and its final pub- 
lication. The subtitle of the book is us 
follows : 

Olim ah 

EDOARIX) WOTTONO. 

GONBADO GESNEBO. 
THOMAQUE PENNIO. 
inchaatvm : 

Tandem 

THO. MOVFETI Londinaii opera mmptibusq. 
maximis emoinnaUm, 
awctim, perfecUm; 

Et ad vivum expressis Joonihm mpra 
quingentis iUustratum.^ 

3 Since the writing of the above, Mr. M. W. 
Sterling, chief of the Amencan Bureau of Eth- 
nology, hai< kindly called my attention to the 
fact that in the Vocabulary contained in 
Strachey*8 ^^Historie of Travaile into Virginia 
Britannia, etc., 2,’’ the expreasion '^maniiang* 
gwaa” ie given an the Indian equivalent of the 
word hutt^fly. My suepicion ie thus conflrmed. 
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Bc‘low this comes the famous picture 
of the beehive, the trade-mark of the 
printer, Thomas Cotes, familiar to all 
Shakespearian students, for Thomas 
Cotes about this time was ])rinting the 
second folio of Shakespeare, whieli has 
on its titlc-i)aj?e the same beehive shown 
on the titlc-paj?e of the work of which 
we are speaking, but not surrounded, as 
in the “Jnseclorum Theatrum,^’ by fif?- 
ures of bu^s, butterflies, s])iders and 
millipedes. At the foot of the title-page 
are the words: 

Lirnrlim rx Offioim tyjiOfjrnpJiica 
Thom. Cott'H. 

Et vcnulcs extant apud 
Benjamin. Allen 

ih dirrrtirulo^ quod AngUre dicitur^ 
Popoa-liead Alley, 

1634 .^ 

Sir Edward Wotton stood high in the 
English diplomatic service. In 1586 he 
was sent to France to explain to Konri 
IV the intrigues of Ma^’, Queen of 
Scots, against Queen Elizabeth; and 
afterwards in 1610 he was ambassador 
extraordinary to France. He held many 
offices and died in 1626. He was deeply 
interested in entomology. Conrad Ges- 
ner died in December, 1565. He was for 
his day a great naturalist and the author 
of .some of the earliest writings on nat- 
ural history published in western Eu- 
rope. He was a close friend of Dr. 
Thomas Penny. Penny was with Gesner 
on the continent when he died, and after 
his death helped to arrange Gesner ’s 
colleeftions. 

P^nny was a physician of great repute 
and so was his friend Thomas Moffett, 

a TransUttion : Begun long ago by Edward 
Wottem, Conrad Geenor and Thomas Penny; 
finally prepared, enlarged and perfected by the 
labor and very groat expense of Thomas Moufet, 
bom iiri Loudon, and illustrated by over five 
hundred figures drawn to life. 

s Tmnslatuyn : From the printing office in 
l>)Mdott of Thom. Cotes, for sale by Benjamin. 
Atteii in the lane which in English is called 
Popes Head Alley, 1634. 


Mouffet or Muffet. Both had graduated 
at Cambridge; both had studied medi- 
cine on the continent ; both were court 
physicians; both were botanists and 
entomologists. They collaborated for 
years. The interesting old book con- 
cerning which I am writing was begun 
by Penny and Ge.sner working together 
in Germany. Sir Edward Wotton lent 
a helping hand. When Dr. Penny died 
his friend and colleague, Moffet, took 
up the unfinished work, which he ar- 
ranged and completed. In 159(1 he dedi- 
cated it by royal permission to Queen 
Elizabeth and received official sanction 
to print it at The Hague. But delays 
followed. When James I of England 
came to the throne in 1603, Dr. Moffett 
changed the dedication to the king. At 
Moffett’s death in 1604 the manuscript 
with its illustrations, pasted in where 
they were to appear, came into the hands 
of Daniell, Moffett’s apothecary, Dar- 
nell sold the manuserix)t to Sir Theodore 
Turciuat de Mayerne, Baron Albonc, 
court physician in the time of (^harles T. 
Baron Albonc {)ublished the book at his 
own expense in 1634, dedicating il to 
Sir William Paddy, and in his dedica- 
tion speaks of Moffett as ‘‘an eminent 
ornament of the Society of Physicians, 
a man of the more polite and solid learn- 
ing, and renowned in most branches of 
science.” 

This in brief is the stoiy of the book 
in which our picture first appeared on 
page 98, as a wood-cut, faithfully repro- 
ducing the original drawing. But who 
was the man who received the drawing 
from John White, and recorded the fact 
on its margin? It can not have been 
Gesner. He had died, as already stated, 
in 1565. I doubt that Dr. Moffett wrote 
the inscription upon the original draw- 
ing, for the handwriting is distinctly 
different from that of the body of the 
maniw^ript written by Moffett ’s pen. 
This leaves only two others of the joint 
authors to be considered. Dr. Penny 
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died in 1589. Sir Edward Wotton stood 
Jiigh at the English court. He was the 
irieiid of Sir Francis Drake and of Sir 
Walter Raleigh. He wa.s very likely to 
Imve been brought into contact with 
John Wliite, when the latter returned to 
repoit to Raleigh what he had done. 1 
am nt)t able to decidt* the question, but 
I am strongly inclined to think that the 
author of tlie inscription was Sir Ed- 
ward Wotton, who gave it to Dr. Moffett, 
who pasted it into the manuscript where 
it to-day remains. Some student of 
chirography delving among the old 
pa])(‘rs in the British Museum may be 
able to settle the (piestion. The original 
manuserij)t is preserved in the British 


Museum in the Sloane Collection (No. 
4014). It carries both the dedication to 
Queen Bliziibeth and to James I. 

What is clear is that the first picture 
of an American buttei’fly was painted 
by John White, the leader of Sir Walter 
Raleigh’s third expedition to Roanoke, 
in the year 1587, less than one hundred 
years after Columbus had made his first 
landfall in the New World, twenty years 
before (Captain John Smith and his asso- 
ciates reach(‘d Virginia and thirty-three 
years before the Pilgrim fathers disem- 
barked at Plymouth. The aHist was the 
grandfather of the fir^st white child of 
English parentage born on the continent 
of Nortli America, Vii^ginia Dare. 



TWENTY-FIVE CENTURIES BEFORE 
CHARLES DARWIN 


By TZE TUAN CHEN 

railim ASStBTAMT IK8TEDCT<« OF BIOLOOT, FUKIEK CHHIBTIAH TmiVEBSITT, FOOOHOW, CHINA 


Many books and articles have been 
written on Chinese superstitions and 
myths concerning the origin of life and 
living things, bkt, so far as the writer is 
aware, the deeper theories formulated 
by some ancient Chinese thinkers and 
the similarities between these theories 
and those held by Greek philosophers 
and scientists have been but lightly 
touched upon. This paper attempts to 
call attention to the fact that some ideas 
of the origin of the species, of variation, 
of adaptation and of the structure- 
function theory were formulated several 
thousand years before Darwinism came 
into existence and have all been neg- 
lected by Western writers in their his- 
tory of the theory of organic evolution. 
It must be remembered that, however 
ambiguous these theories are, they were 
first expressed several thousand years 
ago. 

One of the most curious aspects in the 
history of humAO thought so far as lit- 
erature and science have revealed it to 
us is the strange interest taken in dis- 
cussing the problem of evolution, which 
bad two aspeets: the origin of life and 
the origin of the forms of life. Ever 
rinee men ware able to think it has been 
an open question as to the origin of 
things which they see around them. 
Even primitive people seem to have at- 
tempt^ to speculate on the causes of the 
orifl^ of the universe and the evolution 
oflifn 

What Is the alpha and omega of the 
uniyegihf Whenoe came life f How did 
be^ lisoome brings? Why have things 
bean ii they vroret These are some of 
the metaphyriotl as well as 

arieiS^lih problems which thinking men 
0l aijis and of all countries, with all 


their limited information and all their 
intelligence and energy, within their 
brief spans of time, have endeavored to 
solve in one way or other as seemed 
satisfactory to them. Some have 
thought of all the wonders of life as the 
work of God; some ascribed it to the 
Logos; some named it the unknowable, 
while some others called it evolution. 

While we credit the theory of evolu- 
tion to modem Western thinkers, we are 
apt to forget the philosophers of the 
Orient who formulated almost the whole 
theory without knowing its significance. 
It is with this point in view that the 
writer will proceed to discuss in the fol- 
lowing paragraphs this subject of evolu- 
tion by indicating its position in Chinese 
myths and folk-lore and then attempt to 
give an account of some deeper theories 
as stated by some ancient Chinese phi- 
losophers. 

Evolution Viewed Through the 
Chinese Folk-lore and Myths 

There is a very popular myth in re- 
gard to the origin of life which is con- 
nected with the name of Pan-ku. He 
was considered the first living being on 
the earth, and he had the task, as the 
story goes, of chiseling and molding the 
world into its existing shape. He is pic- 
tured as s giant with a mallet and a 
chisel in his hands. It torii him 18,000 
years to complete his tariL The work of 
Pan-ku tras first devoted to the separa- 
tion of the earth from hesveu, and then 
to the giving of life to the earth which 
he had so industriously made. Hence he 
was the creator’ of our planet. 

A second mj^ iuvolvro the name of 
Nn-ho-shih, sapposed to he a goddess of 
groat ability. She tried to make the 
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earth adaptable to living things, and her 
task was to patch the heaven which had 
been broken. Through long, hard work 
she succeeded in selecting and polishing 
certain stones by means of which the 
cracks of the broken heaven were 
patched. 

In ‘*Si-yu-chih,’' a very popular 
mythical story, we read about a queer 
stone which, exposed to the natural 
changes and tests and receiving some 
dynamic and vital elements from the 
sun, moon and stars, came to pass into 
life as a very intelligent monkey. 
Later, this monkey, owing to its superior 
intelligence and ability, was endowed 
with personality. 

Another interesting myth explains 
that living things have their origin in a 
peculiar gas possessed by a powerful 
god. This god, having proved to be 
weaker than another god against whom 
he was warring, evolved a gas in which 
various fierce animals were present, and 
thus defeated his enemy. These freed, 
animals then came to live in the world. 

Still another myth states that man 
was evolved from a broom. One day the 
broom was dropped from the heavenly 
paradise to the earth and there it re- 
mained for thousands of years. Becom- 
ing animated and possessing the abilities 
of walking and eating, it eventually 
became a man from whom men are de- 
scended. Some uneducated persons be- 
lieve that men in ancient times did not 
die, but changed every hundred years by 
‘‘molting.*' 

Certain speculations are interesting. 
One country saying that life came with 
wind is based upon the idea that as wind 
swept over the earth it changed non- 
living things into living beings. This 
reminds us of the speculation of ancient 
Anixemenes that air imparts life to all 
things. 

Another bit of folk-lore bears some 
familiarity to the so-called planetesimal 
theory of Chamberlain. Country folk 


often say that living things first came to 
the earth from the moon. Their reason 
is based upon an assumption that the 
black spots they see in the moon are a 
monkey pounding rice, a snake winding 
its body around a pine tree, and so 
forth. ^ 

Some are fooled by inaccurate obser- 
vations and superstitious traditions. 
They realize and recognize changes in 
things, but they give the wrong data. 
For instance, many still believe that a 
sparrow can change to a clam when it is 
dropped into the sea; that a shark will 
change to a tiger when it gets on land ; 
that a fox possesses wonderful powers of 
transformation ; that a rat can change to 
a bat; that fireflies come from cow- 
manure ; that a wasp can make caterpil- 
lars his adopted sons and change their 
whole appearance ; that a big snake can 
change to a dragon which later on will 
fly up to the sky. These traditional 
views, in spite of their fallacies, indicate 
the belief in change from one type of 
animal to another type. 

So much for mythological stories. 
Let us now proceed to investigate what 
the ancient thinkers have said about 
evolution. 

Origin of Life 

In regard to the origin of life, Lao-tze 
(bom 604 B. C.) tended to explain it 
philosophically. He said, “Everything 
comes from something, something comes 
from nothing." This assertion bears 
some familiarity to the theory of 
Squarez, who believed that the materia 
prima was made out of nothing. 

Some philosophers had the idea that 
in the beginning of the world there ex- 
isted five “elements" : gold, wood, water, 
fire and soil. Through the positive and 
negative action of these “elements" life 
was before long formed. Similar to this 
is the theory of Empedocles and Anaxi- 
mander who believed that life had its 
origin in the interaction of the four 
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^'elements'': fire, water, air and earth. 
Anaxagoras believed that all animals 
were generated out of three elements; 
water, fire and earth. Thales thought 
that the ocean was the parent of all 
things. 

Other philosophers explained the oii- 
gin of life in the presence on the earth 
of a duality of forces called ‘'Yin- 
Yang.'^ *‘Yin’^ gave life to females 
and ‘^Yan*^ to males. In these females 
and males all living things have their 
origin. 

As regards the cause of the origin of 
life, ancient Chinese thinkers have only 
ambiguous answers. Like modem evo- 
lutionists, Chuan-tze (bom 330 B. C.) 
and Lao-tze formulated their theories 
which had nothing to do with God. 
Lieh-tze said, ** Various forms of things 
are seen, yet how they could come is very 
hard to know, that we could not find the 
maker who shapes them.^^ CJhuan-tze, 
ha\dng a similar idea, expressed it by 
saying of a shadow, shadow says to 
itself: ‘Am I present because of still 
some other thing T'— and further, 
“Could a thing rise before another thing 
inasmuch as when a thing is already in- 
cluded in things it could not go before 
them?'— and further, “Ten thousand 
changes go on, and no one knows where 
they will end or when they have be- 
gun.” Ordinarily we think in terms of 
cause and effect, and we try to trace the 
sequence of cause to the first cause. We 
may get still beyond this and ask what 
the cause of the first cause was. We 
think of one cause before another in- 
finitely and beyond our reasoning. In 
fact, the question is this, “Is there a 
first cause f” and it remains unanswered. 
Chinese philosophers long ago pointed 
out the fact that we should not ask for 
the cause of the first cause because there 
could be no cause preceding the first 
cause ; otherwise it would not have been 
called the first cause. 


Origin of Forms op Life 

How have the various forms of life 
come into existence? Two conflicting 
hypotheses have been presented: special 
creation and evolution. According to 
the first supposition, species were sepa- 
rately created and definitely fixed types 
of life, whereas by evolution we mean 
the continuous developing of things 
from the homogeneous to the hetero- 
geneous, from the simple to the complex. 
Theories formulated by the ancient 
Chinese belong to the latter hypothesis. 

Dating back as early as the sixth cen- 
tury B. C., Confucius in his “Yi-ching” 
tried to show that complexity was de- 
rived from a simple source. The “Yi- 
ching” also expresses the idea that 
things were originated from a single 
simple source through “gradual unfold- 
ing and branching.” According to the 
ancients, the alpha of the universe is 
simplicity, which changes, evolutes and 
multiplies into this complex, compound, 
manifold world. The Taoist ^s Too and 
Confucius’s Yi are almost identical. 
The truth is that the world changes 
from the homogeneous to the heterogene- 
ous; some call the process Tao, others 
call it Yi, while we call it evolution. 

The process of evolution as conceived 
by the ancients is a continuous develop- 
ment. The following passage from the 
“Yi-ching” appendix illustrates this 
idea very well: “Following the existence 
of heaven and earth, there is the ex- 
istence of all things, there is the distinc- 
tion of sex. ...” This is the principle 
of continuity. Man is an object of 
nature and product of evolution and, as 
well as ants and bees, is but a transi- 
tional state in the natural evolution from 
Ibwer to higher types. 

Here are more stimulating paragraphs 
from Chuan-tze and Lieh-tze (fourth 
century B. C.). Chuan-tze ’s theory is 
the theory of self -transformation, which 
probably meant a gradual process of 
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evolution. He said, ‘‘The life of all liv- 
ing things is like the running of a horse, 
changing and moving at every moment. 
What do living things do? And what 
do they not do? They will naturally 
transform themselves.” He further- 
more definitely said, “All living things 
are species developing to various forms 
through the process of variation.” He 
meant that everything is derived from 
some source, and by gradual changes 
they have become things of unlike forms. 
The dissimilarity does not appear at 
once ; this is the result of progression, of 
development through generations of 
time. Here he states clearly the idea of 
variation, wherein lies the idea of origin 
of species. 

Chuan-tze also understood adapta- 
tions, although he did not point out 
clearly that adaptation was responsible 
for the transformation of life. Chuan- 
tze stated: “When a man sleeps in a 
damp and moist place he will get sick 
and may die, but does this affect a fish? 
When a man dwells on a tree, he fears 
falling, but is it so with a monkey? 
Which of these is the right situation? 
Man eats vegetables; a deer eats grass, 
and a crow feeds on dead rats. Which 
of these is the right food?” 

In another place he continued: “A 
horse can run a thousand li in one day, 
yet it can not catch one mouse like a cat, 
because they are different in traits. An 
owl can see an insect or the small tip of 
a twig at night, but can not see a moun- 


tain in the daj^time, because it is differ- 
ent in structure from other animals.” 
Here, then, is another important theory 
stating that with the structure goes the 
function. 

Hui-nan-tze said: “Duckweed lays its 
roots in water, but the woddy plant lays 
its roots in soil. Birds move in the air 
and animals move on solid things.” 
Here are further expositions of the idea 
of adaptation. 

How the changes take place, however, 
was not explained by these philosophers. 
Chuan-tze, Lieh-tze and Confucius had 
the conception of Too. By Tao, Con- 
fucius meant change. The following 
quotation from Confucius will make this 
clear. “The heaven says nothing, but 
the four seasons run their course and all 
things are produced.” To Lao-tze, Too 
likewise meant “spontaneous life in the 
universe.” 

This is but a brief account of the ideas 
of evolution appearing among the specu- 
lations of ancient Chinese thinkers. 
While the Chinese anticipated many 
theories, collected a great variety of 
facts, invented some valuable proposi- 
tions and brought a few to a high degree 
of philosophic significance, yet they have 
never pursued a single subject in a way 
calculated to lead them to final success. 
The variation, the adaptation and the 
structure-function theory — all were 
hinted at, but there were no results until 
centuries later when our western science 
stepped in and secured the prize. 



SOME UNIVERSAL PRINCIPLES OF 
COMMUNICATION 

By JOHN MILLS 

BELL TELEPHONE lABORATOlUEfl 


All communication involves conven- 
tions and understandings as to the mean- 
ings of symbols, and it is usually through 
making symbols audible or visual that 
intelligence is transferred. When the 
distance is too great for unaided ear or 
eye, electrical systems apply. All those 
in use to-day derive fundamentally from 
the telegraphy of Morse and the teleph- 
ony of Bell. Telegraphy and telephony, 
by open-wire lines, by cable, submarine 
and aerial, or by radio, however unre- 
lated in origin, early development and 
commercial exploitation, are now more 
than sister arts — physically they consti- 
tute a unitary system based on common 
principles. 

For Morse and Bell, working in the 
early days of modern science, batteries 
were the convenient sources of electrical 
currents although electromagnetic induc- 
tion as discovered by Faraday was being 
applied to the development of generators. 
The motor action of a current was also 
known and was being rapidly applied. 
A simple motor action of which both in- 
ventors made effective use was the at- 
traction by a current-carrying coil for 
an iron armature. 

There were thus at their hands, al- 
though in rudimentary form, some of the 
essential elements of a communication 
system. It remained for the inventors 
to develop the still more essential con- 
cept of such a system and to supply the 
remaining elements. Time has refined 
their elements, conceived more basically, 
developed or adapted new principles and 
mechanisms; but, broadly speaking, their 
elements are typically those necessary 
to any system of communication. First, 
there must be a source of energy which 
can give rise to on electrical current; 


second, a mechanism for varying this 
current in conformity with the speech 
or signal which is to be transmitted; 
third, a medium for this transmission, 
and last, a mechanism which will trans- 
late the current variation into speech or 
signal. For Bell the second element was 
the telephone transmitter ; for Morse, the 
telegraph key. For both the fourth ele- 
ment was an electromagnetic motor, in 
one case the lever which clacks in a 
telegraph sounder and in the other the 
diaphragm which vibrates like a drum 
head. 

In the telegraph system the lever of 
the sounder reproduced the up-and-down 
movements imposed by an operator upon 
the lever of the key at the sending end 
of the line. The time between up-and- 
down movements was the basis of the 
code of signals. Relatively long inter- 
vals represented dashes, and shorter 
ones, dots. The receiving operator was 
enabled to perceive the interval aurally 
because the lever made characteristically 
different sounds when it struck against 
the upper and the lower stops. Visually 
sometimes the series of dots and dashes 
was recorded by arranging the down 
movement to bring a pen against a 
moving strip of paper. 

In the telephone system, back-and- 
forth movements of a diaphragm, as oc- 
casioned by the sound-waves in the sur- 
rounding air, were reproduced in move- 
ments of the diaphragm of the receiver, 
and these established sound-waves intel- 
ligibly similar to the original. The code 
for the interpretation of these sounds 
was already adopted in the language 
conventions of the speaker. 

By word or sign, therefore, but funda- 
mentally by movement, is electrical com- 
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tnunication accomplished. The signs 
may lead, and soon did, to complete 
words, recognizable by the conventions 
for printed letters. By proper arrange- 
ments of the motions at the receiving 
station letters are printed on a moving 
strip of paper by an electrically operated 
typewriter. For this purpose the tele- 
graph key at the sending station is re- 
placed by equipment which includes a 
typewriter keyboard. The entire as- 
semblage, then, becomes the so-called 
‘‘printing telegraph. By other ar- 
rangements for the reproduction of 
movements, as in the telautograph, 
handwriting has been transmitted. And 
finally, by more elaborate and refined 
sequences of movements, images may be 
transmitted: picture transmission is a 
commercially available service, and tele- 
vision pauses at the threshold, a prac- 
tical accomplishment of undetermined 
economic possibility. 

These later systems involve the con- 
scious and deliberate control of elec- 
trons. Such conscious control of elec- 
trons in communication systems dates 
from the development of the three- 
electrode high-vacuum thermionic tube. 
The tube was applied to long-distance 
telephony in the 1914 opening of Bell 
System service between New York and 
San Francisco and in the 1915 experi- 
mental transmission from Washington 
to Paris — the beginning of a develop- 
ment which has already linked to the 
American telephone system those of most 
of Europe. 

In wire transmission the vacuum-tube 
became a circuit element ; along the 
transcontinental line, for example, it 
was interposed at Pittsburgh, Chicago, 
Omaha, and so on, to amplify succes- 
sively, as they became too much attenu- 
ated, the complex but feeble currents of 
telephony. 

In rc^dio transmission the tube was 
utilized in the terminal equipment. At 
the sending station it gave rise as a gen- 


erator to the high-frequency radio cur- 
rent, varied and modulated this in con- 
formity with the current from a 
telephone line or transmitter and then 
amplified the resultant current, with its 
hidden speech significance, millions of 
times to impress it upon the transmit- 
ting antenna. At the receiving station 
other vacuum-tubes reversed the process 
of modulation, that is, detected in the 
antenna current the modulating cause 
and obtained a current similar to that 
in the original transmitter which they 
then amplified and sent on its way to the 
distant telephone receiver. 

Long before commercial radio-tele- 
phone service with the European conti- 
nent was initiated — since its develop- 
ment, requiring among other things 
studies of an unmapped transmission 
medium, was interrupted by the war — 
the principles of operation just described 
had been applied in so-called carrier 
systems of telephony and telegraphy to 
the more efficient use of the long-distance 
open-wire network of the Bell System in 
the United States. Where a single pair 
of copper wires had previously trans- 
mitted at any instant only a single con- 
versation, properly designed terminal 
equipment, employing vacuum-tubes, 
permitted as many as four simultaneous 
conversations. Each conversation had 
its speech significance carried by a dis- 
tinctive current — a current of frequency 
different from those assigned to the other 
conversations. Multiplex telegraphy fol- 
lowed the same principle, using distinc- 
tive currents for each telegraphic chan- 
nel. 

The vacuum-tube also has its part in 
the system for the transmission of photo- 
graphs, which was well established on 
the telephone lines of this country by 
1925, and has a part in the recently 
demonstrated systems for television. In 
both these more recent developments, 
however, another electronic element— 
the photoelectric cell or electrical eye*— 
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playfl the leading r 61 e in the terminal 
apparatus. This cell is a light-sensitive 
device which gives rise to an electric 
current always accurately proportional 
to the amount of light which falls upon 
it. In television, still another device, 
utilizing known actions of electrons, 
plays the counterpart to the photoelec- 
tric cell. This is the neon tube, an elec- 
tric lamp keenly sensitive to variations 
in its electrical supply. 

All these systems of communication, 
wire and radio, whether for telegraphic 
signals or spoken word, or for a scene — 
all these systems operate on certain com- 
mon ph3r8ical principles. With them 
there might be included the systems for 
sound pictures, of which two developed 
in Bell Telephone Laboratories are in 
wide use to-day. These, also, are tele- 
phonic systems, but in them transmission 
is divided into two steps by an inter- 
vening act of recording. In one system 
the record is cut by an electromagnetic 
graver on a wax disc ; in the other it is 
photographically recorded on a strip of 
film as a series of striations of varying 
photographic density. In the disc sys- 
tem reproduction comes through a 
special form of telephone transmitter 
actuated by a needle which follows the 
groove in the phonograph disc. In the 
case of the film an electrical eye observes 
from instant to instant the varying 
photographic density of the sound rec- 
ord and gives rise to a corresponding 
current. 

Any communication system to-day in- 
volves apparatus for two distinct pur- 
poses: the first is the production of a 
channel for communication with its re- 
lated terminal equipment; the second is 
the control, switching and supervision of 
the channel. 

In complexity and first cost the appa- 
ratus required for the second purpose 
may exceed that for communication 
proper. This is particularly true in the 
diort^distanoe communications of large 


metropolitan areas where improvements 
in reliability, speed and facility of ser- 
vice are obtained by bewildering assem- 
blies of apparatus in the huge central 
ofiBcers. In the panel-type dial system, 
for example, there are complicated 
assemblies of small electromagnetic de- 
vices, intricately interconnected, each of 
which serves in lieu of an operator and 
constitutes an electrical brain of the 
system. Each assembly receives from a 
subscriber’s dialing operations the same 
statement of desired numbers as would 
an operator, storing the information 
within itself. It then proceeds as would 
the operator, consulting a routing guide, 
to handle the call until the distant party 
answers or until it reports back that he 
fails to do so. 

Within these decoder senders, as they 
are called, hundreds of operations are 
performed successively for every call of 
a subscriber to which they attend 
They must do their appointed tasks 
accurately; and, because they are com- 
plicated and expensive, should they fail 
they must be promptly inspected and 
readjusted. In their more recently de- 
signed forms, therefore, new cerebral 
functions are being provided. Should 
one of these senders in its sequence of 
operations fail at any point it will, of its 
own action, disconnect itself from the 
line of the subscriber whom it is answer- 
ing and report to a maintenance man. 
Even more, for his information it will 
print on an electric typewriter the num- 
ber of the operation at which it failed. 
Gould more human intelligence and 
efficiency be demanded of any organism 
than that it should quit work when 
diminished powers endanger its further 
acts, call for help and accurately diag- 
nose its own complaint f 

Of the apparatus in a communication 
system concerned primarily with trans- 
mission there are to be distinguished 
three groups: namely, transmitter, me- 
dium or channel for transmission and 
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receiver. The terminal equipment is 
fundamentally apparatus for energy 
conversion, and receiver and transmitter 
usually perform complementary opera- 
tions. In telephony the transmitter is a 
sound-sensitive device actuated by the 
mechanical energy of sound-waves and 
giving forth electrical energy. The 
receiver is a sound-active device, con- 
verting electrical energy into mechanical 
energy. In ordinary telegraphy the 
transmitter involves a key whose up- 
and-down motions at the hand of the 
operator are reproduced by the bar of 
the telegraph sounder at the receiving 
station. In picture transmission a light- 
sensitive cell receives varying illumina- 
tion depending upon the photographic 
density of the negative which it is 
scanning; and at the receiving station a 
source of light and an electromagneti- 
cally controlled shutter serves as a com- 
plementary light-active device. In tele- 
vision a tube of neon gas, which 
responds to the current impulses from 
the light-sensitive cell of the distant 
transmitting apparatus, is the comple- 
mentary light-active device. 

In principle it makes no essential dif- 
ference whether the transmitter acts to 
convert mechanical into electrical energy 
or acts to control a source of electrical 
energy. Of the first type was the origi- 
nal telephone transmitter of Bell, which 
converted the vocal energy of the 
speaker. Incidentally the same device 
also functioned as a receiver performing 
the complementary conversion. The 
transmitter, however, with which Bell 
sent the first complete sentence, like most 
of those employed to-day, was a device 
for controlling the current from a bat- 
tery. Its energy output depended then 
not upon the vocal power of the speaker 
alone but primarily upon its efficiency 
as a controlling mechanism. In telegra- 
phy, in the same way, the energy output 
of the sending key does not depend upon 
the operator but upon the battery which 


the key controls ; and at a receiving sta- 
tion the energy of the received current 
is not directly converted into sound but 
serves to control another battery which 
supplies energy to the sounder. 

In general words, therefore, a trans- 
mitter operates to control, that is to 
modulate, the current from an energy 
source in conformity with the signal to 
be transmitted. It makes no difference 
whether the current which is modulated 
is otherwise unvarying or not. An alter- 
nating current would serve provided 
that it did not have a periodicity, that 
is a frequency, which would be confused 
with that of the signal itself. Both 
Morse and Bell, working in the early 
days of the electrical arts, employed 
batteries, which were the energy sources 
then available, and so used unvarying 
currents, that is currents of ^‘zero fre- 
quency,'^ as we would say to-day to 
preserve the generality. 

Those who followed Hertz into radio 
used the highly damped and alternating 
discharges of condensers through induc- 
tive circuits and thus employed groups 
of high-frequency waves. For tele- 
graphic purposes these proved entirely 
practical since the high frequency was 
efficiently transmitted from their anten- 
nas, and the group frequency, being 
greater than the frequencies involved in 
the dot and dash signals of their code, 
gave rise to no confusion. When, how- 
ever, they came to attempt radio- 
telephony, among their many difficulties 
was the fact that their currents involved 
frequencies which confused the listener, 
being in the frequency range that 
should have belonged solely to the voice- 
modulated currents. 

The difficulty was to be overcome by 
the adoption of a generator of so-called 
continuous waves. In the 1915 trans- 
atlantic experiments, a vacuum-tube 
acted to convert energy from direct- 
current sources into a high-frequency. 
The current had a definite and single 
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frequency determined by the capacity 
and inductance which were associated 
with the tube. This current was then 
modulated by the speech current from a 
transmitter, amplified and impressed 
upon the antenna. The modulated cur- 
rent was highly complex, including as 
components the carrier current itself 
and the products of modulation ; but the 
important thing about it was that its 
component of carrier current was of a 
single frequency. The carrier currents 
which had been utilized in the early 
attempts at radio-telephony had not 
been of single frequency but complex 
currents involving components of a wide 
range of frequency; and corresponding 
to each of these components there had 
been products of modulation, giving rise 
to confusion much confounded. 

The nature of the confusion appears 
from a consideration of the act of modu- 
lation of a single-frequency current by 
a transmitter current itself involving 
only a single frequency. A tuning-fork 
produces essentially a single-frequency 
note. Imagine its sound to actuate a 
transmitter and the resulting current to 
modulate a carrier current. For con- 
venience of arithmetic assume the car- 
rier frequency to be 100,000 cycles per 
second and the fork frequency 1,000. 
The current from the modulating device, 
which is again the versatile vacuum- 
tube, will have three high-frequency 
components, one of the frequency of the 
carrier and the others so-called side- 
bands. These are respectively above and 
below the carrier frequency by the 
amount of the modulating frequency, 
and so are 100,000 + 1,000 or 101,000, 
and 100,000-1,000 or 99,000. 

If, however, a complex sound, involv- 
ing notes of several different frequencies, 
actuates the transmitter each note will 
produce its sidebands. The intensities 
of the currents in each pair of sidebands 
will depend upon, and be directly pro- 
portional to, the intensity of the compo- 


nent note which produces them. Music 
or speech may thus be hidden in side- 
bands of modulated current and trans- 
mitted as high-frequency currents. 

At the receiving station another 
vacuum-tube acts to produce currents 
whose frequencies are sums and differ- 
ences of those impressed upon it. If the 
currents of the previous arithmetical 
example are received the difference 
terms will be currents of frequency 
1,000, that is, of the original modulating 
frequency. These are easily distin- 
guished from the high-frequency cur- 
rents, and when passed to a telephone 
receiver they produce the same sound as 
if they had been directly transmitted to 
it and none of the intervening operations 
had been performed. 

The modulated currents and their 
accompanying carrier current form a 
group relatively easily separated from 
any other similar group if the frequency 
bands of the group do not overlap and 
are not too closely adjacent. The allow- 
able closeness depends upon the sharp- 
ness of discrimination of the selective 
circuits which are used for that purpose ; 
and that again depends to some extent 
not only upon the engineering skill of 
their designers but also upon the eco- 
nomically allowable complexity and cost 
of the circuits. In present-day radio 
broadcasting the carrier currents which 
are utilized by the stations in any par- 
ticular area are legally separated by 
10,000 cycles. The allowable separation 
of carriers, however, in order that one 
radio station’s output shall not interfere 
with that of another through being 
simultaneously received and at too 
nearly the same loudness, depends upon 
the range of frequencies which the side- 
bands must involve in order that they 
shall contain the essential notes in the 
speech or music of the program. 

What range of notes is essential for 
reproduced speech depends upon the 
occasion. For intelligibility a compare- 
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lively small range is required; natural- 
ness demands more; and for essentially 
complete illusion, such as sound pictures 
require, still wider range is needed. 
For a telephone conversation, where a 
voice is to be recognized and its nuances 
of inflection appreciated, the range from 
100 to 3,000 cycles will serve; but the 
range from 60 to 7,000 is none too large 
for an esthetic illusion from a talkie.’' 
Music, particularly of stringed instru- 
ments, requires a wider range than 
speech, but very good effects can be 
obtained with only a slightly larger 
range when it is unaccompanied by 
pictures. 

For signals other than those of music 
and speech, the necessary range of fre- 
quencies which must be allowed to the 
sidebands depends upon the character of 
the signal and the speed of signaling. 
In telegraphy, for example, if a dot 
occupies half a second and is separated 
from the succeeding signal by an equal 
interval of time, obviously a frequency 
of one cycle per second must be allowed. 
But this frequency is insufficient for 
good definition of the received signal 
because the abrupt change of current 
from zero to its full value and back to 
zero, as occasioned by the telegraph key, 
is not equivalent to an alternating cur- 
rent of a single frequency. Instead it 
is equivalent to a complex alternating 
current involving a whole series of fre- 
quencies, three, five, seven, and so on, 
times the frequency which at first glance 
one would assign to the dot. Essentially 
complete simulation is obtained if fre- 
quencies as high as eleven times are 
transmitted and received. 

Whatever the maximum number of 
dot signals which the telegrapher wishes 
to be able to transmit per second, allow- 
ance must be made, therefore, for a side- 
band with a frequency range eleven or 
so times as large. As a rule, a band of 
one hundred cycles does very well for 
the ordinary speed of telegraph signals. 


Speech and music, as earlier figures 
showed, require more, but television im- 
poses the most severe requirement 

In any television system which can be 
imagined, some mechanism must send 
electrically information about the rela- 
tive light and shade of successive ele- 
mentary areas in the scene which is to 
be ‘‘televised," as the newspapers would 
say. This information must be applied 
at the receiving station to the recon- 
struction of similarly arranged ele- 
mentary areas of light, differing in 
intensity according to the information 
transmitted. Furthermore, the complete 
scene must be reconstructed in a time 
within the limit of the persistence of 
vision of the human eye, that is, under 
one sixteenth, perhaps only one twen- 
tieth, of a second. 

Imagine, as may well occur, that one 
elementary area of the scene is bright 
(when current must flow) and the next 
adjacent practically dark (when there 
would be no current to be transmitted). 
The condition corresponds exactly with 
the sending of a dot in telegraphy. If 
the scene is analyzed into 10,000 ele- 
mentary areas — and this would corre- 
spond to the detail in one square inch 
of 100-mesh halftone — there would need 
to be the possibility of transmission of 
5,000 dots for each time the scene is 
reproduced, or approximately twenty 
times as many dots per second. That 
means a width requirement for the side- 
band of 20 times 5,000, or 100,000 cycles 
per second. Such a requirement is 
equivalent to that of approximately one 
thousand telegraph channels or thirty 
(commercial) telephone channels or ten 
adjacent channels for radio broadcast- 
ing. Therein lies a specific economic 
limitation for the future of television. 

In fact, there is a general limitation 
for all forms of communication. Oiven 
a communication channel effective for 
transmitting a definite range of fre- 
quencies and given a type of signal to 
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be transmitted, simple arithmetic per- 
mits a determination of the speed at 
which the signal can be transmitted ; or, 
what amounts to the same thing, if the 
frequency requirement of the signal is 
less than that which the channel will 
permit, then the number of signals 
which can be simultaneously transmitted 
may be determined. An interesting 
illustration of this principle was given 
by R. V. L. Hartley, who first stated it. 

In substance he said, let us imagine a 
line capable of transmitting all fre- 
quencies from zero to 3,000 cycles. This 
would be sufiScient for a good telephone 
conversation. We now imagine the cur- 
rent from the speaker's transmitter to 
be recorded, as on a phonograph record. 
We then turn this record for reproduc- 
tion at twice its recording speed, repro- 
ducing from it electromagnetically and 
transmitting over the line to the distant 
station. For the transmission of the 
speech we use the line but half the nor- 
mal time. At the other end we again 
record it but now at double the normal 
speed of the turntable. We then repro- 
duce for the listener at half that speed, 
that is, at just the speed of the original 
record of the distant speaker. At first 
thought it would appear that we could 
do the same for another pair of speaker 
and listener and utilize the remaining 
free time of the line for that speech and 
thus obtain a double efficiency for our 
line. 

The fallacy resides in the fact that 
neither speech would be adequately 
transmitted. Reproducing with the 
turntable run at twice normal speed 
would mean that any frequency orig- 
inally recorded would be doubled; a 
sound of 1,600 cycles would become one 
of 3,000. Since the line, by assumption, 
will transmit no frequencies above 3,000 
no sounds with original frequencies 
above 1,600 cycles will be transmitted. 
In effect, therefore, half the frequency 
range of the message would fail to get 


through, due to our hurry. Similarly, 
of the other message what might be 
called a half would get through ; and we 
would obtain halves of two different 
messages instead of both halves of one. 
There would be no gain, and in fact a 
loss since neither message would have 
its desired intelligibility. 

Halving the time utilized in transmis- 
sion always requires doubling the range 
of frequencies which the channel must 
transmit. We can’t gain by beating the 
devil around the stump, and in practice 
the communication engineer doesn’t try. 
In practice it works out that the effort 
is confined to using to its fullest the 
transmission range of each medium, to 
placing the sidebands of various signals 
as close together as possible and to 
avoiding the transmission of any un- 
necessary bands of frequency. 

Two illustrations show the practice. 
Wire lines in the Bell System are multi- 
plexed for transmission between stations 
over distances long enough so that sav- 
ings due to more efficient use of channel 
are greater than expenses due to added 
terminal apparatus and operation. 
Telegraph messages, for example, be- 
cause they require a frequency range 
from zero to about 100 cycles per second, 
are sent over the same pair of wires as 
telephone messages which require from 
about 100 to about 3,000 cycles. In 
other cases some ten telegraph messages, 
with their bands adequately separated, 
are sent over the normal pair of tele- 
phone conductors. Sometimes by suit- 
able terminal equipment there are trans- 
mitted over the same pair of wires not 
only the telegraph message and normal 
telephone message which together occupy 
about 3,000 cycles but also a second tele- 
phone message, occupying a similar 
range but carried by a high-frequency 
current and utilizing the transmission 
capacity of the line for frequencies as 
high as 10,000 cycles. In still another 
instance the lines are specially condi- 
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tioned, and a frequency range is made 
available from zero to about 28^000 
cycles. Over such lines, by suitable 
terminal equipment, there may be sent 
in addition to the ordinary telegraph 
message and telephone message a total of 
three more telephone messages. In such 
eases, however, each of these additional 
messages is divided into outgoing and 
incoming portions and a frequency 
range of 3,000 or so cycles assigned to 
each portion. The various messages, 
therefore, use about twenty-one of the 
available twenty-eight thousand cycle 
range, the remainder being lost in pro- 
viding adequate separation between the 
bands of the various messages. 

The other illustration is found in the 
long-wave transmission system which 
provides radio-telephony with Europe. 
There new methods have resulted not 
only in increased efficiency in use of the 
available frequency range but at the 


same time in economies of operating 
power. Instead of transmitting the car- 
rier frequency and both sidebands which 
result from its modulation by speech 
currents, only one sideband is transmit- 
ted. For purposes of reception a cur- 
rent of the carrier frequency is locaUy 
introduced at each receiving station and 
hence demodulation proceeds practically 
in the normal manner. In addition, by 
properly disposing the transmitting and 
receiving antennas in America and in 
Great Britain and by special equipment 
it is possible to use the same frequency 
of carrier for both outgoing and incom- 
ing parts of the telephone conversation. 
There is thus withdrawn for transatlan- 
tic telephony from the general ether 
channel the narrowest band possible for 
telephony, namely, that corresponding 
to the frequencies essential to the intel- 
ligible and natural reproduction of the 
human voice. 
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Suppose that all the water in the 
world were to be destroyed. Do you 
think we have enough scientific knowl- 
edge and practical ability to make a 
substitute for it? 

If we can make any liquid at all, we 
ought to be able to produce one to re- 
place as simple a compound as water. 
And, because the loss of water would be 
a great blow to everybody, we could get 
all the world to concentrate on replacing 
it. With this initial confidence, let us 
see what are some of the conditions that 
would have to be complied with. 

Right within our own bodies and 
within the bodies of other living crea- 
tures our new liquid would have to per- 
form many functions. Water is far 
more vital to us than food. People can 
live a long time without food, but it is 
an exceptional person who could exist 
more than three days without water. 
About 75 per cent, of our bodies is 
water, and if a person were to lose 20 
per cent., of the water content of his 
body he would die. The blood, which 
itself is mostly water, distributes food to 
the cells as well as oxygen to bum the 
food. It returns bearing the ashes of the 
body fires. And, strange to say, one of 
those ashes even is water, because the 
hydrogen in the food bums to water. 
Thus water is actually manufactured in 
the body — about a pint of it every day. 
The liquid we are going to make will 
have to perform every one of these neces- 
sary functions, and the process by which 
it is manufactured must be one that can 
be carried on right within the body it- 
self. 

Because people must be able to drink 
our Bubstituto for water, it must have no 
taste, and no odor. It must also be able 


to purify itself from harmful bacteria 
simply by flowing in air and sunshine. 
Otherwise it would soon become unfit for 
drinking. 

Our liquid must be suitable for per- 
forming another remarkable function in 
the system, which water does in an ideal 
way. It must regulate the body tem- 
perature. Whenever the body gets too 
warm, water is forced out through the 
pores of the skin, and evaporating there 
carries heat away from the body. Dr. 
Slosson has said that water is twice 
blessed. It bestows a blessing as it comes 
and as it goes — especially as it goes. 
We appreciate the coolness of a cold 
glass of water, but it is many times as 
cooling later on as it issues and evap- 
orates from a million pores. Even a cup 
of hot tea cools one off, because as it 
vaporizes from the skin it carries away 
with it fifty times as much heat as was 
taken into the body with the hot tea. 

Our substitute for water will have to 
be able to play an important role in the 
lives of plants, too. It will first have to 
keep the ground soft enough for tiny 
roots and sprouts of plants to penetrate. 
It must be capable of being absorbed out 
of the soil by the plant roots, and of 
coursing up through the plant, bearing 
along with it a load of mineral matter 
dissolved out of the soil. Then, under 
the infiuence of sunlight and the green 
coloring matter of the leaves, some of 
our substitute for water must unite with 
carbon dioxide to build up the tissues of 
the plant, and the remainder of it must 
pass out through the pores of the leaves 
and evaporate off into the surrounding 
air. Later on, it will have to fall again 
as rain and cleanse the plant from accu- 
mulated dust, and then sink into the 
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soil, only to pass up through the plant 
again, and so on and on in an infinite 
cycle. 

Our new liquid will have to fill the 
needs of the kitchen, also. There it 
must be used for washing things: food, 
dishes, tables, floors, windows, every- 
thing. But its most important use will 
be to cook with. And, if our liquid is to 
be used for cooking, it will have to boil 
at a temperature that is suitable for 
cooking. Thus, it would be a big 
nuisance to the cook if our substitute for 
water were to boil at too low a tempera- 
ture, for then no cooking could be done 
except in pressure vessels. The same 
liquid that is used in the kitchen for 
washing and for cooking must also be 
used as one of the principal ingredients 
of many of the foods prepared there. In 
fact, we eat no food that does not have 
water either added to it or already pres- 
ent in it. There is water in soups, in 
vegetables, in meats, in salads and even 
in bread and in cakes. 

Another fortunate characteristic of 
water that our liquid will have to have 
is that it does not boil away very fast. 
A kettle of water over a hot fire boils and 
boils and boils for an hour or more, and 
still there is plenty of it left. Even 
after a vessel of water has been heated 
up to the boiling point, it takes seven 
times as much heat to convert it from a 
liquid to a vapor as it did to warm it 
from 70 degrees up to its boiling tem- 
perature. The heat required to boil off 
a gallon of water is nearly ten times as 
great as for some other liquids. It is 
this fortunately high latent heat of 
water that keeps it from boiling away so 
fast, and that makes it evaporate out of 
rivers and seas so slowly. 

Ice or frozen water is used in the 
kitchen also for cooling. It cools the 
refrigerator, and it chills drinks and 
salads. Melting ice, with its high heat 
of fusion, makes a little section of the 
Arctic Circle pass right through the 


kitchen. And besides, it is water in the 
steam radiator that heats the kitchen in 
winter. So, if our liquid is to replace 
water in the kitchen, it must be suitable 
both for heating things and for cooling 
them. 

Another important requirement that 
our new liquid will have to meet is that 
its vapor must be lighter than air, just 
as is the case with water. If water 
vapor were heavier than air, then there 
would be no clouds and no rain. When 
the vapor of water mixes with the air 
just above the surface of the earth it 
makes the lower layer of the atmosphere 
lighter than the drier air above. And so 
the heavier atmosphere above settles 
down toward the earth, and the lighter 
water-laden air rises into the higher 
atmosphere. It is cold up there, and the 
water vapor is condensed to visible drop- 
lets that we call clouds, from which the 
earth gets the rain that purifies and 
cools the air, cleanses vegetation and 
makes all life possible. 

But suppose water vapor were heavier 
than air. Then there would probably 
never be any rain, because the heavy 
water-laden atmosphere would stay near 
the surface of the earth. Not only this, 
but we should often be living in a dense 
fog as bad as those in foggy London, 
which the Londoner sometimes compares 
to pea soup. So this matter of density 
of its vapor, also, must be taken into 
account when we make our liquid, for a 
chain is no stronger than its weakest 
link. 

And here it should be said that there 
is a conflict between the essential quali- 
ties of lightness of vapor and correctness 
of boiling point. For a compound 
whose vapor is lighter than air, the boil- 
ing point of water is quite abnormal If 
water as a liquid possessed the same 
physical constitution, or if it existed as 
a liquid in the same state of molecular 
aggregation as it does as a vapor, its 
boiling point would be around 212 de* 
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grees below zero, instead of 212 degrees 
above zero as it happens to be. So here 
we must make a compound whose vapor 
is lighter than air, but whose boiling 
point is more than 400 degrees higher 
than such a compound normally would 
have. In order to do this we will have 
to find a compound whose molecular 
weight decreases as it changes from the 
liquid to the vapor state. 

And then, too, the vapor of water in 
the air has a tremendous influence upon 
climate. Water vapor in the atmosphere 
acts a little like a wool blanket wrapped 
around the world. It lets the bright 
heat rays from the sun filter in to warm 
the ground, but it stops the dark heat 
rays reflected back from the ground, and 
prevents them from radiating away and 
being lost. If it were not for water 
vapor in the air we should not have the 
pleasant climate that we have become 
accustomed to. Instead, the tempera- 
ture would probably be much like that 
which prevailed here during the pre- 
historic ice age. The compound we are 
to make will have to be able to influence 
our climate just as water does, of course. 

Another thing about water that we 
must not lose sight of is its usefulness as 
a means of transportation. Man has 
swum in it and navigated it by means 
of logs, canoes, boats and ships since the 
earliest times. And water is suited to 
that purpose in an admirable way. It is 
dense enough to buoy up heavy objects, 
and at the same time it is mobile enough 
to flow with great freedom. Suppose 
water were as light as gasoline. Then 
men or animals could not swim. Even 
wood would sink. Boats would not be so 
useful, because they could not carry such 
large loads. A wreck at sea would be a 
much more terrible thing than it is now, 
for everybody on board would sink like 
stones. To fall into the water would 
mean almost certain death. Even fish 
wotQd need to be much lighter than they 
are. 


Speaking of' fish, if it were not for the 
fortunate fact that water dissolves air in 
considerable amounts there would be no 
fish as we know them, for even fish must 
have air. But, because water does dis- 
solve life-sustaining air, the population 
of the waters of the world is much larger 
than that of the land. Life must be pos- 
sible both on and within the liquid we 
are going to make. 

There is also another unusual prop- 
erty that must be put into our substitute 
for water. When frozen into ice it must 
be lighter than when in the liquid form. 
If ice were heavier than water, it would 
sink to the bottom as fast as formed and 
settle there, a frozen mass. It would not 
melt in summer, either, because the 
water above the ice is such a poor con- 
ductor of heat that little of the warmth 
of summer would ever penetrate down to 
it in its protected bed at the bottom of 
river, lake or sea. With each succeeding 
winter our lakes, our rivers and even 
our seas themselves would gradually 
accumulate ice at their bottoms, until 
finally they would be just one solid mass 
of ice. 

We will have to make some very 
special provisions to get incorporated 
into our new liquid this quality of being 
lighter after it is frozen than before, 
because that is not a usual property of 
matter at all. Nearly all liquids con- 
tract when they freeze, and so get 
heavier instead of lighter as they pass 
over from the liquid to the solid state. 
And even water contracts as it cools 
until it reaches a temperature just a lit- 
tle above freezing. But there it reverses 
its behavior completely and begins to 
expand as it is cooled still further. The 
effect is that after water has been frozen 
to ice it occupies a larger volume than 
the same weight of the liquid. The 
reason why ice floats on water is that 
water has a fortunate property that is 
not common to other things in nature. 
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Another valuable thing about frozen 
water that we will have to make sure to 
incorporate into our liquid is that it 
always forms very slowly, even on ex- 
tremely cold nights. As water freezes, 
the process of freezing is greatly re- 
tarded by the heat given off during the 
freezing process. The amount of heat 
liberated during the freezing of water is 
so large that it actually takes four times 
as much cold to make a pound of ice out 
of a pint of water at its freezing point 
as it takes to cool the pint of water down 
from 70 degrees to its freezing point. 
This large heat-evolving property of 
water as it freezes has a tremendous in- 
fluence in slowing up the formation of 
ice and in keeping bodies of water from 
freezing solid in winter. The heat given 
off by freezing water actually helps to 
moderate the temperature of cold nights, 
strange as that may seem. 

Still another one of the essential uses 
of water that we will have to incorporate 
into our new liquid is as a medium for 
developing power. Water that has been 
drawn up into the clouds by the energy 
of sunshine and then poured down on 
the high-lands as rain is employed 
directly to turn the wheels of industry 
as it hurries back down to the sea. And 
then steam is made to do useful work for 
mankind. One quart of water makes 
1,700 quarts of live steam. By means of 
the steam engine, this immense expan- 
sive force of water has been made to 
change the whole economic system of the 
world, greatly enlarging the scope of 
people activities. 

Coal is ordinarily thought of as being 
the most essential thing around a steam 
power plant. But that is not true, at 
least with respect to the amount of it 
that is used. For each ton of coal fired 
in an up-to-date power plant, from 500 
to 1,000 tons of water are required. The 
reason for using more water than coal in 
the steam power plant is that water is 
employed there both for generating 


pressure and for reducing pressure, 
paradox though that may seem. The 
effective push given to the pistons of the 
steam engine depends upon the differ- 
ence between the pressures at the inlets 
to and at the outlets from the steam 
cylinders. This differential is made as 
large as possible by introducing water to 
the cylinders in the form of live steam 
under high pressure, and then con- 
densing the steam back to liquid water 
as it leaves the exhaust. The result is 
that on the exhaust side the pressure is 
actually reduced to a minus value, or to 
a vacuum, thereby making the greatest 
possible differential between the port 
whore the high-pressure steam rushes 
into the engine and the point where it 
later leaves the system as liquid water at 
almost no pressure at all. It is water, 
of course, that is used for reducing 
pressure by cooling and condensing the 
exhaust steam. 

Our substitute for water must be good 
for putting out fires, and for cooling the 
fever of the sick. It must not be too 
light, nor yet must it be so heavy as to 
float away the stones and the soil like 
pieces of wood. In winter it must not 
rush out of the sky in large nuggets like 
hail, but it must come down in gentle 
flakes and spread a warm blanket over 
the freezing world. It must not be 
capable of being burnt up or destroyed 
in some unsuspected way. It must be 
able to go tlirough many changes and 
many conditions, and still retain its 
original composition and characteristics. 
The supply of it must not diminish with 
time. All these essential properties 
water has. Every hydrogen-containing 
compound that bums raises the water 
supply of the world. Every automobile 
engine manufactures water. Water 
vapor pours from the smoke stack of 
every power house and from the chimney 
of every home. The American automo- 
bile alone increases the amount of water 
in the world by 250 million barrels a 
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year — as much as is used by a city of 
300)000 people. As the world’s supply 
of coipbustibles is going down, its re- 
serve of water, that life-giving and most 
useful liquid which we will have to 
replace in some way, is going up. 

In spite of all its perfectly amazing 
qualities, water, as we have known it so 
intimately and so long, is composed of 
just two common gases — hydrogen and 
oxygen. If 1,244 volumes of hydrogen 
gas are mixed with 622 volumes of oxy- 
gen gas, if the little individual particles 
are caused to combine and then if the 
vessel is cooled off afterwards, there is 
obtained one volume of liquid water. 
To squeeze those 1,866 volumes of the 
mixed gases down to the one volume that 
the desired product occupies would take 
a pressure of 25,000 pounds on each 
square inch of surface. To hold together 
just one pint of water, the equivalent of 
over a million pounds pressure has to be 
supplied. 

But, of course, we con not hold our 
new compound together with a push 
from the outside. We will have to util- 
ize a pull from the inside to tie the com- 
ponents together, as is the case with 
water, and it will have to be a very 
strong pull too. This means that in 
selecting the components of our new 
liquid we are limited to those that have 
a natural affinity for each other. 

And, another thing, where in the 
world will we get enough basic material 
to make our new supply of liquid out off 
Can we find large enough amounts of a 
pair of gases similar to hydrogen and 
oxygen that may serve the purpose! 


One of the easiest ways to get the answer 
to this question of source, perhaps, is to 
find out how much hydrogen and oxygen 
had to combine forces to make the 
world’s present supply of water. By 
far the most plentiful gas that is known 
now is air. A measure of the amount of 
air there is may be had from the fact 
that the shell of air around the earth 
weighs enough to press down on each 
square inch of surface exposed at sea 
level with a force of about fifteen 
pounds. 

But, if all the hydrogen and oxygen 
that make up the water in the world 
were to be let loose above the earth, the 
pressure, instead of being fifteen pounds 
on each square inch, as at present, 
would be 400 times as great, or 6,000 
pounds. Since air is the most plentiful 
gas we have now, it is quite evident that 
we can not find 400 times as much of any 
other gases, which is the huge amount 
that would be needed to produce a sub- 
stitute for all the water in the world. 
Liquids, too, seem to be out of the ques- 
tion as sources of our substitute for 
water, because water itself is by far the 
most plentiful liquid in the world. 

Do you think there is enough scientific 
knowledge and practical resourcefulness 
in the whole world to permit us to make 
a liquid that will incorporate at once 
all these necessary qualities that water 
has, and still that will not have a single 
undesirable quality to clash with other 
things in nature or to upset in the least 
her great and intricate cycle! To this 
question there seems to be but one logi- 
cal answer: “No.” 



WEATHER HAZARDS IN AVIATION 

By ALEXANDER McADIE 
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There are two principal sources of 
danger in civil aviation: first and most 
important up to the present time, those 
connected with the machine itself, i.e,, 
the plane or ship; and second, those aris- 
ing from discontinuities in the medium 
— the air — in which plane and ship 
function, or what we call adverse 
weather conditions. 

The second source will probably soon 
become the more important inasmuch as 
there is a betterment each year in the 
steadiness of performance of the ma- 
chines, On the other hand, there is little 
prospect of control of the atmosphere, 
and all that can be done is to give warn- 
ing of the likelihood of dangerous con- 
ditions. After that it becomes a matter 
of judgment on the part of the pilot as 
to what route, if any, will be attempted. 

In various papers the writer has set 
forth at some length the need at airports 
of up-to-the-minute airgraphics, that is, 
continuous observing and recording of 
the physical processes involved in the 
condensation of water vapor in the free 
air, for it is our belief that a short and 
serviceable definition of weather is — 
change in state of water vapor. It is 
water, whether as cloud, invisible vapor, 
hail, sleet, glaze, snow or rain, driven by 
the air stream and responding to tem- 
perature discontinuities, which makes 
weather and does mischief. Even in the 
acquisition of a charge of electricity and 
the making of a disruptive discharge 
lika lightning, it is the cloud droplet 
which is the villain in the play. 

Cloud formations, therefore, must be 
studied intensively at all airports; not 
only must height, direction and velocity 
be given, but serious effort must be made 
to read in the cloud itself the story of 


the stratification of the vapor, the 
temperatures, the percentages of satura- 
tion, the densities per unit volume and 
the electrification of the cloud droplets. 
This might well be called vapor struc- 
ture. An example is readily found in 
the cumulo-nimbus cloud, which is an 
upthrust of cloud-stuff into higher 
strata, indicating accumulation of elec- 
trical charges just as plainly as a salt 
dome indicates the proximity of oil in 
geological structure. 

At present, condensed water vapor, or 
cloud, is the best agency by which the 
observer on the ground can tell what the 
air streams are doing at various levels. 
True, pilot balloons and sounding bal- 
loons are in use to detect air currents 
and thus far have been the main reliance 
of aerographers ; but in addition to ex- 
pense and uncertainty of data, pilot 
balloons give no temperature or vapor- 
content data, and sounding balloons give 
records that are not available until many 
hours or days have elapsed. It is neces- 
sary, therefore, to rely chiefiy upon 
cloud measurements. Blue Hill Obser- 
vatory, under the late Professor 
Lawrence Botch, was the pioneer and 
for a long time the only institution in 
this country using sounding and pilot 
balloons, and it is fitting that a plea for 
the use of improved cloud-measuring 
apparatus should come from this obser- 
vatory. When clouds are not present, 
artificial clouds must be formed by 
smoke trails from rockets and shell 
bursts. 

The weather hazards then to be con- 
sidered are thunderstorms and lightning, 
fog and ice formations and anakatalxits^ 
or up-and-down air rashes. 
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Lightning 

Are aeroplanes and airships liable to 
be struck by lightning? The answer is, 
‘‘Yes!’' If it can be avoided, airmen 
should not fly close to cumulo-nimbus 
clouds, or attempt to pass between layers 
of dark clouds of the nimbo-stratus 
type. (The word nimbus is now consid- 
ered by aerographers as an adjective 
rather than a noun and indicates any 
type of cloud from which rain is falling, 
so that, to be more accurate, we should 
say nimbus cloud sheets, whether cumu- 
lus, stratus, pallio or grandineus). For- 
tunately, the great majority of cloud 
types are harmless and apparently with- 
out noticeable electrical charge. 

We do not know positively how a 
cumulo-nimbus cloud becomes electrified, 
the acquisition being both rapid and 
intense. We do know that friction of 
one solid with another will produce 
electrification, especially in cold, dry air. 
It is also known that friction of a jet of 
steam or even cold water against a metal 
surface produces electricity. Dust 
clouds in motion become strongly electri- 
fied, and we can by circulating air vig- 
orously against frost crystals produce 
intense electrification; but there is still 
much to be learned regarding the mobil- 
ity of ions in the free air, the way in 
which charges origizmte on these carriers 
and the way in which, once acquired, the 
charge increases. 

Dr. G. C. Simpson, as early as 1909, 
showed that by breaking up water drops 
in an air current there is developed an 
electrical separation, the drops becoming 
positively charged, while the air is nega- 
tive. On the theory advocated by Blstpr 
and Geitel, the prime cause of the devel- 
opment of a high charge is to be found 
in the collision of rain drops in an exist- 
ing field. Whatever the nature of 
bresldng the droplets may be, the pres- 
ence of an ascending current of approxi- 
maftdiy ten meters per second seems to be 


essential in connection with the change 
in electrification of an ordinary cumulus 
doud to a cumulo-nimbus. The droplets 
for the most part are positively charged. 
Simpson has given several diagrams 
illustrating the air currents moving in 
at the ground, then rising until the base 
of the cloud is reached and penetrating 
with a filter effect. In the cloud the 
smaller drops are prevented from fall- 
ing. There is separation of cloud par- 
ticles and water, and there results an 
accumulation of positive electricity in 
that part where heavy rain, positively 
charged, begins to fall. The cloud re- 
mains negative. Simpson holds that 
flashes start from one portion of the 
cloud and are branched upward toward 
the negative charge in the main cloud, 
or downward toward the ground. He 
bases this on photographic evidence, but 
the conclusions are not beyond criticism. 
The accumulated positive charge in the 
region of separation is dissipated con- 
stantly by lightning, the cloud remain- 
ing negatively charged. On the other 
hand, Wilson is of opinion that the rain- 
drops are negatively charged and the 
smaller particles positively charged, the 
clouds being thus of positive polarity. 

It is evident that authorities are not 
agreed and that there has been more 
speculation than experimental determi- 
nation of potential values in close prox- 
imity to the cloud base. 

It may be mentioned, however, that 
during thunder-storms and in lees de- 
gree during snow-storms, the potential 
gradient at a height of 500 meters often 
exceeds 10,000 volts per meter. It is 
evident, then, that a plane under a 
charged cloud is in a strong electrical 
field and by its very presence tends to 
break down the dielectric; and when a 
discharge does occur, the plane may be 
part of the path. Judging from what 
happens to kite wires, we think it quite 
likely that guy wires and metal parts of 
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small cross section will be fused under 
such conditions. Some rough calcula- 
tions of the energy and voltage in the 
case of kite wire struck by lightning 
give 6.48 x 10® kilovolt amperes, approxi- 
mately 7.5 kilowatt hours. The values 
will vary, however, depending upon the 
time factor. Thus if the time be ex- 
tremely short, as it generally is, the 
voltage runs up to 13,000,000 instead of 
the 1,400,000, and the energy 25 x 10® 
KVA. 

There are several instances of planes 
struck by lightning, with fracture of 
struts, fused wires and shattered aile- 
rons, but thus far without loss of life. 
Whether such planes experienced intense 
flashes, or side-flashes of moderate inten- 
sity, must remain an open question. 
There are all degrees of lightning, from 
feeble to intense, from the tremendous 
rush of energy known as an impulsive 
rush discharge to the meandering hori- 
zontal flashes with many small ramifica- 
tions. 

Those of us who have studied the 
effects of lightning are almost inclined 
to believe that lightning is a law unto 
itself. Its vagaries are so numerous that 
the usual laws of current flow are not 
applicable. In some cases, a definition 
of lightning as an electricai explosion 
best describes the phenomenon, while at 
other times the current (or probably an 
induced surge) will travel long distances 
and be measurable. Additional knowl- 
edge is being gained daily by the experi- 
ments conducted by both the General 
Electric Company at Pittsfield, Massa- 
chusetts, and the Westinghouse Com- 
pany of Pittsburgh, Pennsylvania. Dis- 
charges of 5,000,000 volts are available 
for experimental purposes. New timing 
devices, such as the cathode ray oscillo- 
graph (a beam of cathode rays deflected 
in a strong electrostatic field, the par- 
ticles being electrons and practically 
^thout mass), enable the experimenters 


to record in microseconds, i,e., millionths 
of a second. Peek’s experimental work 
with near lightning is a far call from 
Franklin’s ‘‘fire of electricity'’ de- 
scribed in one of his letters (July 29, 
1750) antedating the kite letter two 
years. As previously stated, the time 
factor is all important in determining 
the character of a lightning flash. If 
some one will discover a means of damp- 
ing or slowing down the rush of the 
negative electrons, the problem of har- 
nessing lightning will be solved, for the 
energy involved is not greater than can 
be controlled. Also if means can ever 
be devised to interfere with the process 
of accumulation of charge on a cloud 
surface, we shall then be able to rob the 
thunder-cloud of its present potential 
danger. 

There are some interesting changes in 
the electrical potential of the air just in 
advance of a cumulo-nimbus cloud, and 
in fact it is possible to measure the 
strength of the field and by watching the 
increasing voltage forecast as much as 
thirty seconds in advance the discharges. 
With each lightning flash the electrical 
tension is ended, but only for the mo- 
ment, as it begins to rise again slowly 
if the cloud is some distance away and 
almost instantaneously when the cloud is 
overhead. There is, however, as yet no 
way of telling from what part of the 
cloud the flash will start. 

Fog and Ice Storms 

Fog has been considered up to the 
present time the cause of more mishaps 
than any other atmospheric condition. 
This menace is being steadily minimized 
by the introduction of ray-beacon flying 
and the use of new devices for determin- 
ing accurately distance above ground. 
It is also possible to dissipate fog; and 
although experiments in this direction in 
the open have not as yet given aatisfae- 
tory results, the expenditure of energy 
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being out of proportion to the results 
achieved, there is no doubt in the 
writer’s mind that here, as with the 
lightning, it is only a matter of time and 
further experimentation before we shall 
have devices for this purpose operating 
in commercial aviation. 

There are many kinds of fog, all 
formed by cooling of the water vapor, 
however the cooling may be brought 
about. It is important to know the 
number and activation of the hygro- 
scopic nuclei, also the larger ions and 
dust particles. Here is a fine field for 
investigation, in the relation of the size 
of the fog droplet, the radius of curva- 
ture and consequently surface tension, to 
the electrical charge together with the 
chemical properties of the nuclei. 

We are not certain whether ordinary 
dust particles suspended in the air are 
efficient condensation nuclei. It is not 
definitely known whether activation is a 
function of size or of chemical property 
and origin. We do know that smoke and 
the gaseous products of combustion 
make efficient kerns or centers, that is, 
good condensation nuclei. Possibly this 
is due to traces of chlorine, for the 
hygroscopic feature of sea-fog droplets 
is undoubtedly due to the presence of 
salt. Experiments made by the writer 
with electrified and non-electrified smoke 
indicate that the latter greatly acceler- 
ates fog building. As is well known, 
rapid expansion and consequent quick 
cooling of an air-vapor mixture cause 
temporary cloud or fog. The introduc- 
tion of smoke and small hygroscopic 
kerns makes the fog denser and more per- 
sistent. On the other hand, the problem 
of fog dissipation finds a solution by 
rapid compression, dynamic heating and 
clariication due to electrifying. It also 
seenii to be established that the passage 
of a pime through a cloud under certain 
cond^kma will result in the formation of 
a dMur channel, due mainly to mechani- 


cal fractionation of the cloud-stuff. 
The nuclei with their vapor spheres and 
probably the intervening air cushions 
are both broken and scattered. 

There are, of course, many types of 
fog formation. Those which directly 
affect airmen are ground radiation fogs 
and sea fogs. The former are danger- 
ous in the matter of landing, but to a 
large extent this hazard is being reduced 
by the use of locating devices both on the 
field and on the plane. Radiation fogs 
are seldom very deep, and having 
sharply defined limits are easily sur- 
mounted. Sea fogs are chiefly due to a 
warm air-vapor mixture brought down 
to or over a cold water surface. In 
coastal flying or on transoceanic flights, 
it is only necessary to rise a few hun- 
dred meters to be above the fog. Both 
types are found when anticyclonic pres- 
sure prevails, or when lows are mori- 
bund, the radiation fogs generally with- 
out wind, the sea fogs sometimes with 
steady north or northeast winds. 

Ice Storms 

A plane may acquire in a brief time 
a load of ice which not only interferes 
with the instruments but also increases 
the parasitic resistance and deforms the 
aerodynamic lines of least resistance. 
This happens when a plane passes 
through a mass of subcooled vapor, 
whether visible as cloud or invisible. 
The rush of the plane probably destroys 
the droplet structure, and the vapor 
tension (which is considerable in the 
case of extremely small drops) is re- 
leased, and a change of physical state 
results. Hence any surface in close 
proximity becomes coated with ice. 
This may form even on the hub of the 
propeller. 

Several methods for ridding or pre- 
venting the formation have been tried, 
particularly coating with vaseline or oil, 
but without evident success. One must 
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watch tbermometers carefully and par- 
ticularly the wet bulb when dying 
through clouds in which the temperature 
is slightly above the ice point 

Ice Storms Proper 

Somewhat different from the subcool- 
ing ice load described above is the load 
of ice which is acquired when flying 
through an ice-storm. We now deal 
with water that has not been long in the 
liquid stage, forming and falling at first 
as rain but passing through cold air 
strata and also coming to rest on a cold 
surface. This is glaze — or what was 
formerly called sleet. A coating of ice 
of this kind may soon become quite thick 
as the coating continues to grow, and by 
its mere weight it can force down the 
plane. Heating may be resorted to in 
the case of all-metal planes, and the ice 
melted, but the easier and more practical 
course is to rise to an upper, warmer 
stratum. Conditions favorable for ice- 
storms can be forecast with a high per- 
centage verification, as they are zones of 
marked instability accompanying ener- 
getic cyclones in which temperature 
fronts are sharply defined and the pro- 
gressive movement of the discontinuities 
can be anticipated. The aviator must be 
on the watch for warm, moist, southerly 
winds with underrunning cold, dry, 
northwest winds. 

Anakatabatb 

This word from the Greek for up-and- 
down marches best describes the violent 
up-rushes and counter down-rushes of 
the air occurring when excessive tem- 
perature discontinuities exist, as in the 
case of thunder-storms, line squalls and 
all tomadic formations. The instability 
is such that with the slightest horizontal 
movement a torque is developed with 
rotary motion that may have a hori- 
zoptal axis instead of the more common 


vertical. These major turbulences are 
quite frequent on summer aftemoons in 
slow-moving or stagnant low pressure 
areas. They are essentially local in 
character, being different in this respect 
from the line squalls to be discussed 
later. Any marked convergence of hori- 
zontal air streams is quite likely to 
develop a strong up-rush, which in turn 
must increase the downward rush of air 
in the rear of the convergence. 

Experienced pilots have stated that 
they have dropped as much as 700 
meters in a minute or so when caught 
in one of these anakatabats following a 
thunder-storm. The wreck of the 
Shenandoah can be traced to the anaka- 
tabats in the southwest quadrant of a 
low which passed eastward slowly on the 
morning of September 3, 1925. A 
streaky cloud appeared in the north, 
building up rapidly. Without much 
warning the ship began to rise. An 
effort was made to keep the ship down 
by increasing the engine speed and turn- 
ing the nose of the ship down at an 
angle of IS"". The uplift was still suf- 
ficiently great to overcome the effort, 
and in fact increased. Nor did the 
valving of gas help. Then came a lall 
accelerated by the down-rush of air as 
well as by loss of buoyancy. Water 
ballast was dumped from the control 
car. Probably this was a mistake, for 
caught in another up-rush, the ship rose 
rapidly to nearly 1,900 meters, only to 
be struck by a descending current of 
such violence that it began to spin vio- 
lently, around a vertical axis, in a 
counter-clockwise direction while falling. 
The rotational strains caused structund 
breakage, followed by collapse of the 
control car struts and consequent tearing 
away and ultimate crashing. 

We can by electrical apparatus give 
warning in advance of conditions favor- 
ing the development of thunderiatonns 
and these ai^akatabats. In add^iOn t|ie 
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rate of advance of a cold front can be 
rather accurately estimated. 

Lins Squalls 

These are developed on a rather long 
wind shift line, and while associated 
with thunder-storms, are as a rule re- 
stricted to much lower levels and indi- 
cate rotary motion with a horizontal 
rather than vertical axis. Here again it 
is a question of temperature discontinu- 
ities as brought about by the conflict of 
air streams of different origin. The 
wind changes direction suddenly from 
south or southwest to northwest or 
north. In other words, the western 
limit of warm moist winds is suddenly 
swept aside by the eastern front of an 


on-coming high. Heavy rain with 
marked cooling accompanies the restora- 
tion of equilibrium. The whole mecha- 
nism is not quite as simple as here indi- 
cated, for the front edge of the surface 
cold air may be forced upward over a 
part of the retreating warm air. In 
other words, a tongue of cold air may 
penetrate the warm air mass at a height 
of 100 meters or more, running thus in 
advance of the main body of cold air 
which eventually displaces completely 
the warm air from the surface up. The 
cloud transformations are good expo- 
nents of the turbulence and give us 
some notion of the structure aloft which, 
however, can not be seen in its entirety 
from the ground. 



IS EVOLUTION A CONTINUOUS OR 
DISCONTINUOUS PROCESS? 

By Dr. FRANCIS B. SUMNER 
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The various theories of “ mutation 
or ^‘saltation*' were offered at first 
largely as alternatives to the natural 
selection principle as conceived by Dar- 
win. Whereas the latter made use 
chiefly of the ordinary quantitative dif- 
ferences shown by nearly every part of 
every plant and animal, the earlier 
views of the mutation school agreed in 
basing evolution upon a quite different 
and much less abundant type of varia- 
tion. The mutations, to which they 
appealed, were discrete steps of quite 
appreciable magnitude, which, in some 
cases at least, might transmute the entire 
organism. Selection, so far as it was 
recognized at all, was supposed to act 
upon the finished products of the muta- 
tive process. According to De Vries, it 
was a matter of the survival or non- 
survival of species rather than individ- 
uals, though the species which he had in 
mind were commonly subdivisions of the 
groups so recognized by taxonomists. 

In favor of such a view-point a great 
variety of arguments was offered. So 
far as these related to the supposed 
inadequacy of the natural selection hy- 
pothesis, they had, for the most part, 
been discussed by Darwin himself. 
Although now familiar to every student 
of the literature of evolution, it may be 
allowable to summarize here a few of 
those objections to the natural selection 
theory which were supposed to be 
avoided by the theory of mutation. 

(1) The diflBculty of believing that 
the incipient stages of useful organs or 
characters can be subject to selection. 

(2) The common occurrence of use- 


less characters, including many of those 
by which species are distinguished from 
one another. Allied to this is the over- 
development of certain structures, which 
may thus become not only useless but 
positively harmful. 

(3) The inability of selection to ac- 
count for the discontinuity between 
species in nature. Why the gaps which 
are everywhere seen? 

(4) The assumption that nothing 
qualitatively new can possibly result 
from the selection of quantitative grades 
in the development of an existing char- 
acter. 

(5) The experimental demonstration 
of the fact that the efficacy of selection, 
when crossing with other strains is ex- 
cluded, is commonly limited to a very 
few generations. In many cases, indeed, 
a reversion to the original type is encoun- 
tered as soon as selection is discontinued. 

(6) In addition to such arguments as 
these, the mutationists were able to 
point to the actual occurrence of varia- 
tions which appeared to conform to the 
required typ^- A vast array of such 
evidence was accumulated. 

Those who were opposed to the muta- 
tion view, in this earlier form, could 
fairly reply (among other things) : 

(1) That the theory of sudden, fairly 
large changes renders even more difficult 
our understanding of complex, har- 
moniously working organ systems. 

(2) That paleontology, despite the 
prevailing incompleteness of its records, 
offers much evidence for the continuity 
of development. What appear to be peiv 
fectly continuous series of extinct forms 
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have been founds in certain cases, where 
the conditions of preservation were par- 
ticularly favorable. 

(3) That existing geographic varia- 
tions are largely of the continuous type. 
One geographic race frequently grades 
into another through insensible steps. 

(4) That the existence of mutants, 
sports or freaks, within species, had long 
been recognized by systematic zoologists 
and collectors. Sometimes the same 
mutant type was known to crop out in 
a number of related species, paying no 
attention whatever to specific lines. 
The nature and mode of occurrence of 
these aberrations seemed to place them 
in a different class from the characters 
by which species or other natural groups 
were distinguished. 

(5) That the results of crossing natu- 
ral species are found to be quite different 
from the results of crossing artificial 
races, which differ by one or more simple 
characters believed to have arisen 
through mutation. No obvious Men- 
delian segregation is evident in crosses 
of the former class. 

(6) That practically all the best- 
known illustrations of the phenomenon 
of ** mutation” are of the nature of 
losses or abnormalities, which would tend 
to unfit the possessor for living in any 
natural environment. 

This divergence of view-point in re- 
spect to evolution was paralleled by a 
similar divergence in respect to heredity. 
Mutationists, since the resurrection of 
Mendelism, have probably all been sup- 
porters of the view that the entire 
heritage of an organism consists of dis- 
crete, practically unchangeable unit fac- 
tors, which combine and separate in 
biparental reproduction, according to 
the lam of chance, without affecting one 
another. 

Those who opposed the mutation 
standpoint for the most part minimized 
the stability of the hereditary units, 


claiming that the latter were subject to 
quantitative changes or to mutual con- 
tamination in crosses, or even that in- 
heritance of the Mendelian sort (de- 
pendent upon genes) represented but a 
fraction of the entire process of inheri- 
tance. 

I think it may fairly be said that the 
truth, as now generally accepted, is 
intermediate between the extreme posi- 
tions stated above. The outcome of this 
controversy has been something of a 
compromise as regards the really essen- 
tial points at issue, though I am not sure 
that one side, at least, would concede 
this to be true. The mutationists were 
probably more nearly correct, so far as 
fundamental principles were concerned. 
But they were, at the outset, decidedly 
reckless in the application of these prin- 
ciples, calling into question facts which 
did not, at the time, seem reconcilable 
with them. 

It now seems likely that those who 
have argued for the existence of discrete 
units, both of evolution and heredity, 
are correct in principle. Chemists have 
their molecules and atoms, and physi- 
cists their positive and negative electrons 
and their quanta of energy. Not only 
is the theory of abruptly mutating genes 
in keeping with the present trend of 
thought in the physicd sciences, but it 
has in its favor a large array of experi- 
mental evidence. 

On the other hand, the proponents of 
both mutationism and Mendelism have 
had to recast their conceptions to such 
an extent that they have conceded nearly 
all which is required for the purposes 
of Darwinian selection, and have left 
the outlook both for taxonomy and 
phylogeny virtually undisturbed. Mu- 
tations are no longer large, abrupt 
affairs, affecting in a visible way many 
parts of the organism. The great major- 
ity of them are vanishingly smalL The 
"continuous” or "fluctuating*’ variabil- 
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ity of every part of every organism is no 
more to be rejected as material upon 
which selection may work. It is now 
known to be due to transmissible or 
genetic diflEerences, as well as to modifi- 
cations imposed by the environment^ 
during the single lifetime. 

Different grades in the size of a given 
part, or the degree of development of a 
given character, so far as these are 
hereditary, are now attributed to the 
influence of numerous genetic factors, 
each small in effect when taken singly, 
but cumulative in their action. After 
a cross between two species or races, 
these factors segregate according to the 
laws of chance, giving rise to every pos- 
sible combination, but with little proba- 
bility of the return of either parent type 
in its pure form. 

Moreover, the stability and discrete- 
ness of the single gene, or genetic factor, 
has had to undergo considerable curtail- 
ment. Modem research has shown that 
certain genes (e.p., those responsible for 
eye color in Drosophila) are subject to 
whole series of finely graded quantita- 
tive changes. The case for discontinuity 
is saved by the assumption that there is 
a definite number of such possible 
grades, corresponding, perhaps, to the 
number of possible molecular combina- 
tions. 

Furthermore, the German geneticist 
Goldschmidt, from extensive studies of 
heredity and sex in Lepidoptera, has 
come to the conclusion that the same 
genes (or rather corresponding genes), 
in related species or races, may have 
different quantitative values or poten- 
cies. 

Arguing from such facts as the fore- 
going, some biologists have very recently 
begun to emulate the physicists by call- 
ing into being a system of secondary 
genes or ^‘genomeres,** into which the 
mind’s eye may resolve our hitherto 
recognized hereditary factors. 


With this revised conception of the 
nature of the unit factors of heredity^ 
it is evident that the type of hereditary 
variation available for the operation of 
selection has likewise undergone an ex- 
tensive revision. We hear much less 
said of the survival or elimination of a 
species, the latter having first sprung 
into existence, full-fledged, through a 
single mutation. Bather is a species be- 
lieved to be commonly built up through 
the accumulation of a large number of 
slight, independent mutations. Even 
two closely related geographic races of 
mice, if we can depend upon the evidence 
of hybridization experiments, differ by a 
considerable number of hereditary fac- 
tors, each due, presumably, to an inde- 
pendent mutative change. Thus the 
r 61 e of selection has been not merely to 
determine which ready-made species 
shall become established as members of 
our fauna and flora. This or some other 
directive agency has been necessary 
throughout the entire process of the dif- 
ferentiation of one form from another. 

Furthermore, one may be a consistent 
mutationist of the modern school, and 
yet believe that many species arise with- 
out any immediate participation of the 
process of mutation at all. Recent dis- 
cussions in the field of philosophical 
biology have stressed the importance of 
a principle which, although simple and 
readily Intelligible, had been largely 
overlooked by earlier writers. I refer to 
the principle now so frequently dis- 
cussed under the name of creative syn- 
thesis” or ” emergent evolution,” or by 
some other name. This is nothing more 
than a full recognition of the fact that 
entirely new qualities may be the out- 
come of new combinations of existing 
elements. 

Within every natural population there 
is much genetic diversity. Let us grant 
that differences between homologoue 
genetic factors or genes have been due, 
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in the first instance, to the process of 
mutation. But the almost infinite 
diversity of the combinations of these 
factors is due to the continual process 
of mixing and unmixing which is the 
essence of sexual reproduction. Far- 
reaching changes may thus result from 
selecting and perpetuating certain ones 
among these genetic combinations and 
eliminating others. Indeed, there is an 
active group of biologists, headed by the 
Dutch geneticist Lotsy, who attribute all 
evolution to this process of recombining 
existing factors, and who question or 
deny the modification of factors or the 
origin of new ones. Without going to 
such lengths as do these writers, we may 
concede that factorial recombinations, 
following crosses between genetically 
different individuals, have probably 
played a far greater r61e in evolution 
than has commonly been assigned to 
them. It is likely that many, perhaps 
most, of the novelties which are care- 
lessly called mutations*^ owe their 
origin to this cause. 

How then, it may be asked, does up- 
to-date mutation differ from the type of 
variation which Darwin believed to fur- 
nish the basis for his theory of natural 
selection f The two certainly differ 
much less than the original mutationists 
supposed. But are there no differences 
leftT Has all the controversy of the last 
quarter century left this question ex- 
actly where it stood Y This is hardly the 
case. We now realize far better than 
Darwin did that there are two sharply 
contrasted classes of variations. To the 
one class belong the non-hereditary 
variations which, it is commonly as- 
sumed, are all due to the action of the 
environment, broadly speaking, upon 
the individual. To the other class be- 
long the hereditary variations or ^^muta- 
tions/’ The latter term has been com- 
monly retained, even though the point 
of view of those responsible for this 


name has been largely abandoned. Mu- 
tation, according to current usage, is 
nothing more than hereditary variation, 
regardless of magnitude. It may be 
defined as hereditary (transmissible) 
modification of the germinal substance; 
or since any actual modification of the 
germinal substance is presumed to be 
hereditary, the latter word may be omit- 
ted from the definition. Conversely, any 
modification of the germinal substance, 
however produced, would by definition 
be a mutation. 

Another advance over the selection 
view, as conceived by Darwin, is a 
clearer realization of the limitations 
of selection, in producing continuous 
change in a given direction. The great 
majority of experiments in this field 
have shown that the effects of selection, 
while at first they may be rapid, soon 
come to an end. A level is reached in 
the character dealt with at which it 
ceases to advance, at least with any regu- 
larity or certainty. This situation is 
now explained on the basis already in- 
dicated, namely, that we have to do with 
a sorting process, by means of which 
particular genetic combinations are 
separated out from a mixed population 
and perpetuated. In the course of this 
process no new elements commonly 
appear upon the scene, though new com- 
binations of previously existing elements 
may give rise to strikingly new qualities. 
After the sorting process has been 
brought to an end, no further change is 
possible, in inbred stock at least, with- 
out the advent of further mutations ; in 
other words some of the existing factors 
must undergo change. But this is a rare 
phenomenon and may not occur in the 
course of a short-time experiment. 
Needless to say, new genetic combina- 
tions may be introduced at any stage 
by crmsing with other strains, but 
changes so produced are to be ascribed 
to hybridization rather than to selection. 
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It can hardly be disputed that this re- 
vised version of mutationism, with its 
minutely graded series of independent 
genetic changes, is subject to most of the 
objections which were brought against 
natural selection in its Darwinian form, 
and which were supposed to be avoided 
by the original mutationism of the 
saltatory type; for example, the diffi- 
culty of explaining the pre-useful stages 
of useful structures, or the commonly 
present discontinuity between the spe- 
cies of our taxonomists. These difficul- 
ties regain all their former force so soon 
as we base the process of evolution upon 
the accumulation of scarcely perceptible 
differences, all quite independent of one 
another. It would seem fairly obvious 
that we can not retain the advantages 
of a saltation theory of evolution while 
contending, in the same breath, that the 
mutations which furnish the raw ma- 
terials for the evolutionary process are 
for the most part insignificantly small. 

It is surprising to find traces of an 
incomplete adjustment between the older 
and newer view-points in the writings of 
one who has led the way in the detection 
and analysis of minute mutations, and 
whose polemical writings have had much 
to do with convincing biologists in gen- 
eral of the factorial basis underlying 
quantitative variability. Morgan’s vol- 
ume, “Evolution and Genetics” (1925), 
contains a lucid and interesting expo- 
sition of his more recent point of view 
regarding these questions, while retain- 
ing certain of his earlier modes of ex- 
pression concerning the role of discon- 
tinuous variation in evolution. 

How else than as an argument for 
evolution through large steps can the 
following utterance be construed T 
“Suppose that evolution ‘in the open’ 
had taken place in the same way, by 
means of discontinuoiLs variation. What 
value then would the evidence from com- 
.parative anatomy have in so far as it is 


based on a continuous series of variants 
of any organ! 

Morgan had just been discussing 
various mutations in wing length and 
other characters in Drosophila. Some of 
the former have resulted in dwarfing 
the wings to various degrees, down to the 
complete loss of these appendages. But 
despite the fact that we are able to ar- 
range these abnormalities in an almost 
complete series as regards size, “the 
order in which these mutations occurred 
bears no relation to their size; each 
originated independently from the wild 
type.” This disctission leads to his 
query regarding the evidence from com- 
parative anatomy. 

To this query of his I think we may 
reply as follows, and I venture to believe 
that the Morgan of 1929 would scarcely 
dissent; Our ability to pick out forms 
which may be arranged in a continuous 
series manifestly does not in every case 
prove that this series represents the 
actual course of descent. But unless we 
are preparied to admit that such differ- 
ences as those between the larger sub- 
divisions of the animal kingdom have 
arisen discontinuously, we are fully justi- 
fied in holding that gradations in the 
degree of development of a character are 
frequently important and often quite 
reliable indications of the direction of 
evolution. And this is particularly true 
where, as is commonly the case, several 
different characters have undergone 
simultaneous change. 

Morgan’s own use of the classical case 
of the reduction of digits in the horse 
shows that he has no thought of the 
modern one-toed condition having arisen 
as a single mutation from the original 
five-toed condition. But if not, then 
various intermediate stages must have 
occurred in the past, and the testimony 

X Evolution and Gieneties,” p. 22* (Un* 
modiflod from Oritiquo of the Theory of 
Evolutiouj” 1916, p. 18.) 
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of paleontologists points strongly to the 
conclusion that the right stages occurred 
at the right time, historically speaking. 
Is it, therefore, fair to say that the de- 
gree of discontinuity which seems prob- 
able in the light of modem genetics in- 
validates to any great extent the testi- 
mony of comparative anatomy to con- 
clusions regarding phylogenyf We may 
cite Morgan’s own words in reply: 

Thlfl argument for rejecting extreme or 
monstrous forms seems to us to-day as valid 
as it did to Darwin, but we now recognize 
that sports are only extreme types of mutation, 
and that even the smallest changes that add to 
or subtract from a part in the smallest mea- 
surable degree may also arise by mutation. 
We identify these smaller mutational changes 
as the most probable variants that make a 
theory of evolution possible.a 

The data of present-day genetics are 
certainly in no way inconsistent with 
the belief that the transformation from 
one species to another has commonly in- 
volved no greater break in continuity 
than we may now observe between one 
individual and another within the same 
species. Can any positive evidence for 
such a belief be offered? The evidence 
which I shall briefly cite falls under two 
heads: (1) genetic, (2) geographic. 
Let us consider these in the order named. 

According to the currently accepted 
Mendelian interpretation, the mutation 
of a single gene or factor results in a 
variation which is allelomorphic (alter- 
native) to the wild type, and which 
gives, when mated to the latter, the sim- 
ple 3:1 ratio. When, on the contrary, 
the difference between two races is such 
that, if crossed, a blended or inter- 
mediate condition results, out of which 
the parental types can not be recovered, 
or only with difficulty, we must attribute 
this difference to changes in a number of 
genes, in other words, to a number of 
independent mutations. 

*Op. oft., p. 180. 


Now it happens that not a single case 
has been reported, so far as I know, in 
which two taxonomic species have been 
crossed and have been found to differ 
by a single pair of Mendelian factors. 
In other words, not a single case is 
known in which one species has arisen 
from another by a single mutation. But 
the case is vastly stronger than this. 
Two species commonly differ from one 
another in a considerable number of 
visible and measurable characters, re- 
lating to various parts of the body. In 
most cases where the hybridization test 
has been made, not only are these 
various characters inherited for the most 
part independently of one another, but 
each of them, taken singly, conforms to 
the multiple factor scheme. In very few 
instances does any one of the specific 
differences behave in heredity as if it 
had resulted from a single factor muta- 
tion. 

In the course of my own breeding ex- 
periments, I have hybridized forms more 
closely related to one another than are 
most species. But even these geographic 
races differ from one another in every 
instance by a number of different char- 
acters, while each character, as in the 
case of species, is certainly dependent 
upon more than one Mendelian factor. 
Thus, if the mutation view is correct, it 
has required quite a series of mutations 
to bring about the comparatively slight 
differences between two adjacent geo- 
graphic races. (I must repeat that the 
actual process of mutation did not neces- 
sarily occur at the time that the newer 
race became differentiated. There may 
have been merely a reassortment of ex- 
isting genetic factors by some form of 
selection.) 

The second line of evidence on which 
I rely is that of geographic variation. 
The student of this field knows that 
graded ^series occur in space, not oc- 
casionally but frequently, and that these 
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are correlated in many cases with 
environmental gradients.” In some 
cases, the conclusion seems unavoidable 
that the series in question gives us an 
actual picture of the steps by which one 
of the extremes became differentiated 
from the other. That there is no es- 
sential difference between such racial dif- 
ferences and those which distinguish 
“good^' Linnean species will be ques- 
tioned by few who are acquainted 
with the facts. Whether two forms be 
regarded as distinct species or merely 
as subspecies is largely a matter of 
convention. It seems highly probable 
that the formation of these geographic 
races or subspecies represents one among 
the various modes in which the diver- 
gence of species and even larger cate- 
gories of living beings has had its in- 
ception. 

Let us, then, return to the question 
with which we started: Is the process 
of evolution continuous or discontinu- 
ous V In my opinion, the correct answer 

* In a recent paper (Proceedings of the Na- 
tional Academy of Sciences, February, 1929) I 
have diecuBsed an illustrative case in which 
seven different grades were found in reepect to 
certain characters. While the full meaning of 
this case is still far from clear, the evidence 
ia all against the supposition that the extremes 
(or even any two contiguoua populations) were 
differentiated from one another through a single 
mutation. 


to this question is much the same as that 
to the question: Is matter continuous 
or discontinuous? In both cases, we 
have to do with a sensible continuity, 
based upon an underlying discontinuity. 
I have already indicated my belief that 
the transition from one species to an- 
other has commonly involved no greater 
breaks in continuity than we may now 
observe between one individual and an- 
other within the same species. The idea 
that not only widely distinct species, but 
new genera, families and even higher 
categories have come into existence sud- 
denly may relieve us of the embarrass- 
ment of not finding intermediate forms, 
but it is not supported by a single direct 
observation. The suggestion of Lotsy* 
that new classes and phyla have origi- 
nated abruptly from recombinations of 
factors brought about by the crossing of 
species does not seem to have a much 
firmer scientific foundation than that 
of Qeoffroy St. Hilaire regarding the 
hatching of the original bird from the 
egg of a reptile. Neither Darwinian se- 
lection nor Lamarckism nor both com- 
bined involves us in assumptions half as 
incredible. 

^"Evolution by Means of Hybridisation,'' 
1916 (particularly pp. 119, 185, 147). I need 
hardly say that it is far from my intention to 
belittle Lotsy's extensive and important eon- 
tributions to the literature of evolution. 
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I. Setting and Importance op the 
Problem 

Whether our special interest be eco- 
nomic geology, poultry husbandry, 
mathematical physics or the economics 
of advertising, our lives are inextricably 
interwoven with social institutions 
which, at the same time that they hem 
us in, also serve as channels for self- 
expression. Distinguished scholars 
whose connection with some great uni- 
versity seems secure are suddenly cast 
into academic outer darkness because by 
some act they have transgressed the 
mores of the family institution. Men of 
mediocre ability often attain amazing 
heights of power and influence when 
they become the spokesmen of a political 
institution whose secret inner passages 
they have learned and to whose law of 
being they conform. Experiences of this 
sort have given food for the thought 
that institutions are permanent and mas- 
sive elemental things. Radicals rage 
against them, moralists extol them, phi- 
losophers weigh them in the scales of 
verbal dialectic. The important ques- 
tion is — can we measure them? If we 
can measure them a new avenue of 
understanding is opened up and ques- 
tions of the stability, permanence or 
changfe in social institutions may be 
answered in terms objective rather than 
subjective. 

The following paper outlines the pro- 
cedure and results of a preliminary 
attack on the problem of measuring 
changes in social institutions. 

II. Bbisbargh Method of Attack 

The first step in scientific work is to 
set up a working hypothesis. We there- 


fore state our working hypothesis thus : 
Social institutions pass through a cycle 
of change in structure and function. 

Inasmuch as the unit of observation is 
an important consideration in scientific 
research we have selected for analysis 
four political institutions representing 
two different sorts of units. 

Our unit of observation selected is a 
social invention. Mechanical inventions 
are such familiar and tangible objects as 
the automobile, telephone, radio, etc. 
Social inventions by comparison are not 
as generally recognized but they exist in 
great numbers; examples are the stock 
exchange, juvenile court, commission 
plan of city government, city manager 
plan, non-partisan ballot and many 
other innovations that have broken down 
the sway of hoary custom and ancient 
tradition. Our procedure in studying 
these institutions is to count the units of 
observation that occur in equal intervals 
of time for the same area. Inasmuch as 
we have as yet no uniform units of 
measurement or, to express the situation 
a little differently, since we have no 
means of expressing changes in the phe- 
nomena of observation in terms of the 
standardized units of an external crite- 
rion, we must needs resort to the expedi- 
ent of counting the number of similar 
things which occur in equal intervals of 
time. We therefore examine the consti- 
tution or charter and the legislative 
record or ordinances, and count the 
number of new commiasions, bureaus, 
departments or activities that are added 
each year. This is the first step toward 
eventual, measurement and at least has 
the merit of describing the phenomena 
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in tenu of vori^ble facts rather than 
of evalnating them in terms of opinion. 

IIL Results 

Near miimul organisms begin with }he 
fusion of the female ovum and the male 
gpenn. New social and political institu- 
tions appear to begin with the fusion of 
old ideas into a new mental pattern or 
what is popularly known as invention. 
In 1900 a new form of municipal gov- 
ernment was invented* (at Galveston, 
Texas) and became known as the com- 
misnon plan. Since 1900 it has gone 
through a cycle of growth and decline. 
When we plot, year by year, the number 
of communities that adopted the new 
plan we find that this plot takes the 
form of a roughly symmetrical fre- 
quency curve.* When the yearly incre- 
ments are cumulated we find a growth 
curve similar to the growth curves that 
Pearl and other scientists have found for 
biological organisms. In this case, how- 
ever, the units of growth are towns and 
cities adopting the plan. Thus our 
growth curve for the commission plan is 
a population growth curve in which the 
unit of count is a town or city and not 
a human individual We have found 
similarly that the city manager plan, an 
offshoot of ^e commission plan, follows 
the same principle of grow^. 

These illustrations of the principle of 
the organic growth of social institutions 
are suggestive but do not offer convinc- 
ing evidence because the growth phe- 
nomena consist in the spread of the new 
pattern over an area by diffusion and 
not by increase and elaboration of parts 
within one whole. Fortunately our re- 
search supplies evidence which meets 
this test We have analyzed the changes 
that have occurred in the structure and 

B. Bradford, "OommlHioa QovanmiMt 
ia Avaricaa OltiM,’' New Toik, 1916, fp. B->6. 
, *F. S. Chapin, ^Onttnal CSuwn" New 
Toik, 1988, p. STO. 


funetion of two other pcditioal institn- 
tions each of which* is an institutional 
entity in itself and may be regarded as 
a functional unit in American political 
life. We have taken the government of 
the city of Detroit* and the government 
of the state of Minnesota.^ Our data 
for the city of Detroit cover the period 
beginning in 1824, and for the state of 
Minnesota beginning in 1858. Unlike 
the two former instances the increases of 
units at regular time intervals do not in 
the cases of Detroit and Minnesota fol- 
low a frequency cycle curve. Possibly 
we are dealing with phenomena having 
a longer life span, or perhaps another 
principle operates. When, however, in- 
crements of change are cumulated we 
flind that these political structures follow 
growth curves similar to the first halves 
of the growth curves of the commission 
and dty manager plans. The first point 
of inflection of the normal growth curve 
is passed but the second point of inflec- 
tion is not attained. Consequently we 
can not summarize the phenomena by a 
Gomperz or a Pearl-Reed curve but find 
that a parabola is the best fit.' 

Our data for Detroit and Minnesota 
consist of units less hmnogeneous than in 
the ease of the commission and city man- 
ager data, because differ«at functions 
and elaborations are added toge^er to . 
find the ordinates of the growtk curves. 
On the other hand, we are dealiug in 
each case with the growth of one politi- 
cal institution having real unity and not 
with the difluslcm of a pattern to similar 
units of different size spread over an 
area. Consequently our study of growQi 
of the institution of government b De- 
troit and Minnesota ooneems phenomena 

• tTpsoa, (howUi of tlie Olty,*' «ad 

Ohapia, "Obltaral Gnm««,'’ pp. 801-^. 

ill. B. XsinMe^ * yatoirintattoaef the Btste 
of llilUMSotS,* ' 1984, p. 6. 

• 8^. a. OhaplB, 

879. 
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similar to those considered in studies of 
gn)wth in bodily weight of animal or- 
ganisms. For this reason these last- 
mentioned studies are more significant 
evidence of the existence of a principle 
of growth of social institutions. 

IV. Intkkpretations ani> Results 

Why do institutions grow like organ- 
isms? An adult animal organism which 
began as a single cell attains its growth 
as the result of cell division and special- 
ization. By (‘oiilrast a .social institution 
may begin as an invention — a mental 
l)attcrn of a social relationship of inter- 
acting human organisms. These inter- 
acting human beings exhibit attitudes 
toward one another and their overt be- 
havior gets conventionalized by inter- 
stimulation and response into such 
explicit .social patlenis as folk-ways and 
mores. Behavior of an emotional sort 
gets conditioned to such symbols as the 
flag or idol, depending upon whether it 
is a political or religious institution that 
concerns us. Thus it is that symbolic 
culture traits appear. Creature* wants 
arc met by the construction of dwellings, 
buildings and furnishing tools and 
equipment of various sorts. Thus it is 
that material culture traits are provided. 
Finally men commit to oral tradition or 
set down in writiiig their creeds, char- 
ters, constitutions or agreements and 
thus it happens that there arc stored 
externally to the minds that created 
them the rules of relationship whieh 
constitute the underlying pattern of the 
institution. If we summarize our analy- 
sis of the institution in four terms: 
human attitudes, symbolic objects, use- 
ful objects and oral or written descrip- 
tions of the interrelationships of these 
three things, then it is not difficult to see 
why and how the social institution 
grows. It grows because it is the most 
complex form of human accommodation 
to a changing world. Population in- 


etcascs, gains by immigration, losses 
from wars and climatic disturbances and 
other Clients necessitate a readjustment 
of the original i)attern of human rela- 
tionship. As a eoiisequence new sym- 
bols are invented, mechanical innova- 
tions appear and relationships become 
more complex. New functions develop 
and structure and relationship must be 
readjusted to make old institutions con- 
tinue to work. To summarize, we may 
say that the social institution consists of 
a network of eompli(*at(‘d interrelation- 
ships of psychological dispositions and 
material traits of cultural signifieanee. 

The foregoing interpretation may 
sound abstruse. Let us offer another 
interpretation of a less abstruse sort. 
This interpretation neees.sitates refer- 
ence to eoner(‘t e material not part of the 
data of observation of our immediate 
.study but material entirely relevant to 
the problem. We have studied the poor 
law legislation of England, Massachu- 
setts, Wiseousin and Miune.sola and find 
that in every case the same cycle of de- 
velopment occurs.® This cycle is as fol- 
lows : first, the original poor law practice 
is enforced until exceptions accumulate; 
second, many variations from it are ex- 
perimented with until the situation 
becomes so chaotic that, third, the whole 
mass of laws is integrated into a code 
whieh embodies the general principles. 
Revelling now to the case of growth of 
institutional structure, we find that 
after the initial constitution or charter 
is written (the original invention) there 
follows a period in which modifications, 
additions to or amplifications of the 
original structure take place. This is 
the period of rapid growth when the 
curve has passed the point of inflection 
and shoots up suddenly. This period 
corresponds to the phase of experimenta- 
tion in poor relief legislation. Then 

fl F. S. Chapin, ' * Cultural Change, ^ » Chapter 
VIII. 
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comes the period of integration when the 
rate of growth diminishes. This period 
is illustrated by the consolidations that 
have been effected in many of our state 
governments, consolidations that sim- 
plify an overcomplex structure. We 
have recently described this principle 
and called it a societal reaction pattern.^ 
The principle is mentioned here because 
it seems to otfer an interpretation in 
tenns of social psychology for the 
growth tendency of social institutions 
described in the present paper. 

In conclusion, interpretation of these 
results can be merely provisional, for the 
cases studied are too few to constitute 
even representative samples. This quali- 
fication, however, does not invalidate the 
conclusion that th(? working hypothesis 
stated at the outset has been justified. 
Our study shows that the total changes 
of four political institutions for a period 
of years may be described as a growth 

7 Ihid. 


tendency not unlike the growth princi- 
ple of animal organisms. Whether 
further study of this ])henomenon of 
social change will lead to successful 
formulation of a law of social growth it 
is premature to say. At any rate, the 
results of this preliminary investigation 
seem to the writer to be justification for 
more extensive research into the field by 
a number of independent workci‘s. 
Moreover, the interest aroused by sucli 
recent books as Spongier ’s “The Decline 
of the West’’ and Beard’s “Whither 
Civilization?’’ encourages the belief that 
future investigations may be made fol- 
lowing the more concrete procedure used 
in the present study. If this be the case 
we will gradually accumulate a syste- 
matic knowledge which may lead to the 
discovery of the natural laws governing 
the life history of social institutions. 
When this point is attained it will be 
only one step more to predict growth 
and bring social institutions within the 
range of rational social control. 
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By Dr. RALPH E. DANFORTH 

CHEKTEItnELD, MASS. 


Science is the Creator’s chest of tools. 
Human progress is man’s learning to 
use these tools. 

Large masses of folk are suspicious of 
the very word science. Call it modern 
science, and they suffer emotional chills 
and fever. They have not even seen the 
truth that science and knowledge are 
one. 

Many, realizing that they at least have 
not consciously done anything to ad- 
vance knowledge, are very suspicious of 
it as of something .strange, foreign to 
themselves, and as such possibly a 
trouble-breeder. In fact, they may have 
heard it stated that it would weaken the 
foundations of the home, undermine 
faith, or in some way or combination 
of ways prove hurtful to their vital 
complex. 

If science and knowledge are one, 
modern science is the recent advance of 
knowledge. The oldest and most sacred 
of knowledge was one time modern. 
Modern science of to-day will some time 
be old and sacred. If by that time 
people’s nerves have not steadied, they 
will suffer emotional chills and fever 
when the steady increase of knowledge 
will seem to them to threaten that which, 
new to us now, will then seem old and 
fundamental, having been built into the 
very foundations of human life. 

The term science is becoming so eld;Btic 
and all-inclusive that we would not be 
far amiss were we to say that all truth 
newly gained to-day could be called 
science. Science has also to do with the 
application of truth, as well as its sub- 
stance. 

The universe was created long ago, is 
atUl in process of creation and may, pos- 


sibly, always be in process of creation. 
It is no longer safe for the scientific man 
to say that anything can not be. We 
are learning that ail things are possible. 

The tools with which the Creator made 
the universe and the materials of which 
he made it are neatly arranged in the 
great tool-chest, which is the vast uni- 
verse itself. Man opens the chest, or 
more properly opens his eyes and his 
mind, for the chest stands always open 
to those who will see, and beholds the 
structure and the forces which are at 
work therein. Familiarizing himself 
with the chemical elements, relatively 
few in number, of which tlie whole uni- 
verse is made, with their combinations 
and some of their endless possibilities, 
man at once begins to imitate some of 
the compounds which the Creator had 
already made, and also to make new com- 
binations, suited to new purposes of his 
own. ‘‘Sacrilegious!” cries the man in 
the street, although he may have just 
come from a clinic where a recently in- 
vented compound was injected into him 
in the treatment of an old disease, and 
with the word still on his lips he mfty 
board a bus, in the engine and other 
structures of which many new combina- 
tions of metals and forces are operative. 
He then goes home, uses his telephone, 
in which other new combinations of mat^ 
ter and force are functioning beauti- 
fully, to call upon his friend and tell 
him that modern science is making the 
world altogether too materialistic. This 
is human progress: learning to know 
and use the tobls Of the Creator, The 
scientist feels t^mt the Creator intends 
that he should do this. 

Chemical elements and liieir numerous 
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compounds, physical force, vital energy 
and the yet more mysterious realities of 
intellect, affection and soul, these are at 
once the tools and fabric used in shap- 
ing the universe. These are the tools 
and fabric which man is learning to use 
as he begins to understand the coopera- 
tive part which his Maker, in whose 
image he was made, intends him to take 
in the divine plan. 

The tools of progress were used in 
shaping man as well as the rest of the 
universe. They are being used in shap- 
ing man to-day. They will be used in 
shaping man in the future. They shape 
his mind as well as his body, and the 
heart or soul of him as well as his mind. 

Man himself, in cooperation with the 
Great Originator, may have a hand in 
the making and fa.shioning of the human 
race. The real difference between the 
statesman and the simple politician is 
that one thinks constructively for the 
good of man while the other can not see 
past the edge of his pocket. The mea- 
sure of the statesman is his creative 
reach. He must have vision, heart and 
the genius of achievement. 

All additions to the sum of truth 
which we possess i)lace more tools and 
materials in the hands of human bene- 
factors, whether they be statesmen, scien- 
tists, teachers or just plain mothers. 

These n<!W truths, tools or powers are 
popularly styled to-day modern science. 
And what can this new light of knowl- 
edge hurt? 

What can modern science hurtf 
Human errors shrivel in the white light 
of knowledge as lint in a flame. Follies 
too will be hurt, for they flee the light 
of truth as dry leaves flee the autumn 
gale. 

Religion, will it be hurt? The foun- 
dations of faith, will they be shaken? 

Real worth in religion will never suf- 
fer from the truth, be that light of truth 
new or old. Intrinsic value, the true 
gold of faith, is not hurt by the acid test. 


The flood of light, ever swelling, every 
moment more intense, while showing up 
error and superstition, will give new 
growth to the true “trees of righteous- 
ness,'^ and new beauty to the flowers of 
faith and love. Purely artificial and 
dogmatic elements of ecclesiasticism may 
suffer, but the resulting health of the 
religion within the heart will justify the 
sacrifice many times over. The eternal 
heart of religion will grow prodigiously 
as the blankets which smother it are 
peeled off and consumed. That which 
has abiding value will increase; the gold- 
bricks be exposed. 

But modern science rapidly swells the 
flood of light. This growing light of 
truth and knowledge and power is daily 
adding to human comfort. Not alone the 
comfort of body but comfort for mind 
and soul increase as truth increases. In 
fact the main function of truth is to 
increase comfort and well-being. Did 
not the great Teacher say he wouhl s^d 
the “ Comforter “ who is “the Spirit of 
truth" and “will guide you in|o all 
• truth. ' ' 

If religion is to be benefited by the 
ever-brightening rays of truth, what will 
modern science hurt? 

Modern science will hurt whatever the 
true tools of progress will injure; what- 
ever stands athwart the fundamental 
plan of the universe. 

It seems as though the continued 
approach unto all truth would hurt 
many things. A number of human in- 
dustries will be hurt by the increase of 
knowledge. In this country legalized 
liquor trade has already been hurt. The 
chances of its speedy recovery seem 
smaller than the chance of the spread 
of the same injury to other leading coun- 
tries. A number of other industries, 
which increasing knowledge may demon- 
strate to be destructive rather than bene- 
ficial to the best interests of man, will 
be seriously hurt if not actually de- 
stroyed. . 
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The isolation of many peoples will 
very soon be seriously hurt by the rap- 
idly spreading light of knowledge and 
communications. With the destruction 
of isolation many long-cherished ideas 
and personal habits of the erstwhile 
isolated ones will be hurt unto death. 
Like cockroaches beneath an over-turned 
box, fleeing before a flood of light, the 
deep-seated errors of benighted folk will 
scuttle into the dark cracks and crannies 
of oblivion. 

Languages, now counted by hundreds, 
will be hurt and reduced to an irre- 
ducible minimum. The thought of man- 
kind will then flow freely around the 
globe, and be the i)roperty of whoever 
has ears to hear. New discoveries, in- 
ventions, facts — new truth in any form, 
will encircle the earth at lightning 
speed, a light to enlighten all Jews and 
Gentiles who have mind enough to com- 
prehend it and the will to absorb it. 

Mental habits and bodily habits of 
persons right at home, as well as those 
of the benighted in isolated lands, will 
be hurt to the extent of being sup- 
planted by better habits, when the blast 
of larger truth glares with spot-light 
intensity upon them. Many pet follies, 
now perfectly legal and awn generally 
cultivated, will wither in the sunlight 
of the full truth. Seeing through a 
glass, darkly, permits many customs 
which a brighter light would show to be 
ugly rather than desirable. In the 
gloom below the jungle are many 
growths which can not endure the full 
light of the sun. 

But all this hurt from modern science 
will rftaet to our benefit. Only those 
who are so completely obnoxious that 
everything in them will be hurt by the 
light can really be counted sufferers. 
All others will rejoice in the healing 
beams of increased knowledge, and be 
glad of the changes it brings about iu 
their thought and habit and health. 
Their new ways will mean new powers, 


more real and lasting wealth and new 
joys. 

Modern science will hurt war. Already 
some serious blows have been dealt that 
common foe of mankind. Our old knowl- 
edge will help valiantly in destroying 
war, but we may need yet new light 
before it is completely put down. 

With the increase of knowledge na- 
tional boundaries will cause less concern. 
Patriotism and liberty will take on new 
meanings among the many republics and 
provinces and dominions. Instead of 
shouting loudly and wildly for indepen- 
dence and liberty the concept of the 
welfare of the individual, as something 
of more substantial worth, will gradually 
replace in men’s minds what is after all 
but the ghost of a panacea. There is no 
such thing as an absolutely independent 
nation. Probably there never will be, 
unless it includes the whole earth. In 
traveling among little countries I have 
observed that it is the citizens of the 
countries bestowing the least real benefit 
upon them who do the most orating 
about patriotism^ and they also do the 
most fighting. This orating about patri- 
otism, and this fighting, together with 
drinking and gambling, are the breath 
of life to many in whom sentimentality 
exists in gigantic proportions and the 
practical sense appears to be altogether 
omitted. Modern science never has been 
forwarded by such folk, neither will they 
ever let other people apply it to their 
benefit if they can fight it off. 

In the far East there are millions who 
loathe ‘‘western civilization.” There 
are faults in the westerners, but these 
should not be attributed to civilization. 
Countless brains are too small ever to be 
able to discern the good from the bad. 
There is no alternative but for them to 
die in their ignorance. 

Finally, brethren, what do you think 
of a minister who preaches science in- 
stead of religion in his church f I think 
him a fool, though he may be a fool who 
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has seen a gleam of real light. The 
church will never be able to vie with 
other institutions as a center of scientific 
information. And the minister usually 
half murders his science, unless by 
chance he has spent years at practical 
scientific work in the laboratories sup- 
plementing his text-book studies. And 
even were he a highly trained scientist 
standing in the front rank of the world 
of science he could not make a science 
take the place of true religion in the 
church. Modern science will never be 
able to hurt true religion except in those 
who substitute it for religion. True 
human progress lies in the cooperation 
of science and religion, not in substitu- 
tion. Religion needs vitally all the new 
knowledge it can get, in order to grow; 
and if it does not grow it dies. This 
is the gleam of truth which the science- 
preaching pulpiteer espies. But his 
vision is very fragmentary, ruinously 


so. But the world of science needs true 
religion just as much. Without an 
eternal and righteous and loving spirit 
in his heart the scientist is little better 
than the clay with which he works, or a 
nut without a kernel. The two must be 
found together if anything good is to 
grow out of it. The future progress 
and happiness of man depends upon the 
united effort of religion and science. 

What can modern science hurt? 
Everything that leaves it icily alone, and 
every one who makes it all in all and 
worships it as an idol. Our minds must 
be big enough to exceed the minds of 
the revolutionists who holler liberty 
when they have not the least idea what 
they are talking about, and the minds 
of those who wpiild trample western 
civilization under foot as worse than 
worthless. There are small-minded men 
at homo, but fortunately few’er relatively 
than in some other places on earth. 
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THE TWENTY-FIFTH ANNIVERSARY OF THE CARNEGIE INSTITUTION 

OF WASHINGTON 


On May 31, at Cold Spring Harbor, 
Long Island, the Department of Genetics 
of the Carnegie Institution of Washing- 
ton was “at home“ to invited guests. 
The reception was held in celebration of 
the conclusion of the first quarter cen- 
tury of the work of the institution 
founded by Andrew Carnegie for the 
conduct of research. Representatives of 
some sixty institutions, organizations 
and departments of research were 
among the two hundred or more guests 
who accepted the invitations of the 
president and trustees of the institution. 

At eleven o’clock the guests assembled 
in a tent erected on the grounds. Ad- 
dresses were given by General John J. 
(-arty, representing the trustees; by Dr. 
E, G. Conklin, head of the department 
of biology, Princeton University, repre- 
senting scientific men, and by Dr. John 
C\ Merriam, president of the (hirnegie 
Institution, representing the staff. Dr. 
Henry S. Pritchett, vice-chairman of 
the board of trustees, presided. 

The remainder of the day was sf)ont in 
talking with the investigators and in in- 
specting the exhibits which the staff had 
prepared to illustrate their methods of 
investigation and somewhat of the re- 
sults that have been obtained. These 
exhibits were open to public inspection 
on June 1 and 2. 

The Department of Genetics is one of 
the major departments of the Carnegie 
Institution of Washington. It was or- 
ganized in 1904 and called the Station 
for Experimental Evolution. 

Three other major activities were 
initiated at the same time: the Marine 
Biological Laboratory at Dry Tortugas, 
Gulf of Mexico; the Desert Botanical 
Laboratory (now a section of the Divi- 
sion of Plant Biology) at Tucson, Ari- 
zona; and the Mount Wilson Observa- 


tory at Pasadena, (California. These 
four stations were among the first to be 
established by the Trustees of Carnegie 
Institution; they thus mark the inaugu- 
ration of major research activities begun 
twenty-five years ago. 

In the present organization of Car- 
negie Institution the major researches 
are grouped in ten departments or divi- 
sions with which are associated many 
specific investigations not of dei)artmen- 
tal type. Research is being conducted on 
fundamental problems in the fields of 
embryology, genetics and eugenics, nu- 
trition and vitamin chemistry, j)lant biol- 
ogy, marine biology, geophysics, seismol- 
ogy, terrestrial magnetism, astronomy 
and early American history, including 
archeology and historical research. 

The institution is also attempting to 
extend the usefulness of its own data of 
research, to increase mutual understand- 
ing among its own investigators, and to 
promote public appreciation of its work 
by holding each year, at the Administra- 
tion Building in Washington, a series of 
lectures on topics relating to its work 
and an exhibition illustrating current re- 
sults of its researches. For the same 
reasons the present exhibition has been 
arranged. 

Almost to the day, twenty-five years 
ago, the formal opening of what is now 
the Department of Genetics topic place 
at Cold Spring Harbor, Long Island. 

Two years before, Dr. Charles B. 
Davenport, then of the Zoological Lab- 
oratory of Chicago, had submitted a plan 
of organization which was adopted. 
Upon invitation of the trustees, Dr. 
Davenport assumed the directorship, 
which office he has held to this day. 

In 1910, Mrs. E. H, Harriman 
founded the Eugenics Record Office ou 
an 80-acre tract nearby and arranged 
87 , 




THE COLD SPBING HABBOE LABOBATOEY OF THE CABNEGIE INSTITUTION 



THE PROGRESS OF SCIENCE 


89 



JOHN C. MEBRIAM 
PkesidexNT of the Ca.rnb(jie Institution 
OF Washington 


for a staff for the study of problems 
relating to human heredity. Ei^^ht 
years later Mrs. Ilarrimari transferred 
tlie office and farm to Carnegie Institu- 
tion of Washington and provided an 
endowment toward the maintenance of 
investigation. In 1921 a reorganization 
was effected wlioreby the work on hu- 
man heredity and that on heredity in 
plants and animals were combined in a 
Department of Genetics. 

For twenty-five years the genetics staff 
of the ('arnegie Institution has been at 
work in their field. By studying the 
hereditary material itself in the labora- 
tory with stains and microscope and 
camera ; by inducing a multitude of 
matings among plants, insects and verte- 
brates and studying the offspring; by 
making statistical studies of racing 
capacity in horses; and by collecting 
the individual and family histories of 
thousands of persons and analyzing them 
from the standpoint of hereditary traits 
—by these and other methods have the 
members of the staff sought with grati- 


fying success to cooperate with scientists 
elsewhere in penetrating the secret of 
inheritance and of variation. 

What Maken Differences in Living 
Things f is the problem being investi- 
gated by the Department of Genetics 
and related departments. Such differ- 
ences range from the great ones that 
separate elephants from bacteria, to such 
subtle ones as distinguish “identical” 
twins. Two paradoxical tendencies are 
illustrated by these extremes: the con- 
servative tendency for like to beget like, 
and the restless tendency for life to aj)- 
pear in ever new forms. The full solu- 
tion of the problem would explain how 
organic evolution takes place and what 
life is. Every phase of the study of 
life makes a contribution towards this 
solution. Some of the special fields that 
are being explored in search of solutions 
were illustrated by the exhibits grouped 
under the four divisions : Differences in 
chromosomes; Differences in environ- 
ment ; Differences in age ; Differences in 
glands. 



CHAB. B. DAVENPOET 
DiRSGtoB or rmt Cold Bpeino Haeboe 
Labobavoet 
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LELAND STANFORD 

Builher of THE Central Pa(;jfic Railway, United S'rATES Senator and founder ok Stanbxird 
University. The portrait war painted by Mejssonier in 1881. They became acquainted 

THROUGH THE MOTION PICTUHF.S OF THE STANFORD HOBBES. STANFORD IS H0IJ>1NG THE ALBUM 

OF HORSE PICTURES. 


THE EARLIEST MOTION PICTURES 


In May, Stanford University held a 
semi-centennial celebration in commemo- 
ration of the motion jiicture research 
conducted by Leland Stanford at his 
Palo Alto stock farm in 1878 and 1879 
with the assistance of Eadweard J. Muy- 
bridge and John D. Isaacs. It is be- 
lieved that this is the first investigation 
to make use of consecutive instantaneous 
pictures and, therefore, lies at the basis 
of the photographic analysis of motion 
i\nd also the portrayal of movement 


through the motion picture. Something 
over two thousand such pictures were 
taken by Muybridge. Many of those 
that had to do with the locomotion of the 
horse were later analyzed by Dr. J. D. 
B. Stillman, whose book, ‘*The Horse in 
Motion,'’ was published in 1882. Offi- 
cial delegates from the Academy of Mo- 
tion Picture Arts and Sciences took part 
in the exercises. Tablets commemorat- 
ing the Stanford-Muybridge research 
were unveiled, one in Memorial Court at 
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EA1>WEA1U) J. MUYBRIDGE 


the main quadranj^le of the university 
and the other, a duplicate, near the site 
of the Muybridge studio. Dr. Waller R. 
Miles, professor of experimental psychol- 
ogy at Stanford University, gave two ad- 
dresses, ^'The Stanford-Muybridge Re- 
search on the Portrayal of Motion’’ and 
‘‘Technique and Results of the Palo Alto 
Experiments.” Among other addresses 
by scientific men and leaders in the 
motion picture industrj^ was a talking 
picture address by the Honorable Ray 
Lyman Wilbur which was made possible 
through a portable outfit recently de- 
veloped in the Bell Telephone Labora- 
tories. This address for a specific occa- 
sion and presented in a college banquet 


hall marks an advance in motion pic- 
tures that is of much educational sig- 
nificuiK'C. 

The motion picture art and industry 
has grown to immense proportions. One 
of its essential beginnings is associated 
witli the Stanford University Campus in 
that Leland Stanford conc>cived and 
caused to be carried out a photographic 
investigation at his Palo Alto stock 
farm in 1878 and 1879. His interest in 
the locomotion of the horse caused him 
not only to take interest in the general 
analysis of the horse’s stride, but he ap- 
preciated the individual differences and 
saw the importance of this in connection 
with his attempt to breed and rear the 
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MONUMENT COMMEMORATING THE 8TANFORD-MUYBBIDOE 
MOTION PICTURE RESEARCH 

CONDUOTEIi IN 1878 -- 1879 , tlNVElLBD AT STANFORD UNIVERSITY, MaY 8 , 1929 . RkPRJCSENTATIVES 
OF THE Academy of Motion Picture Arts and Sciences in attendance at the dfj>ic!Ation : 
(left to right) William C. DbMille, Cij^ra Brkanger (Mrs. DeMille), Alec B. Pranois, 
Louis B. Mayer, Mrs. Mayer, Mrs. Dennison Clift, Louis H. Tolhurst, Mrs. Tolhukst. 


fastest lioi’ses. Mr. Stanford, desiring 
to make objective certain of the fleeting 
phenomena that he had learned through 
practice to fierceive by eye, turned to 
photography, In general at this period, 
pliotographers were content if they 
could register waves of the sea and they 
were not striving for instantaneous i)ie- 
tiires as we think of them to-day. 

Mr. Muybridge, when lecturing about 
liis animal photographs in the eighties, 
was fond of telling that at first he did 
not believe Leland Stanford’s projection 
at all feasible. He considered that pho- 
tographic technique was not up to the 
task of registering sucli rapid succes- 
sions of motion as the running of a 
horse. The problem was conceived by 
Mr. Leland Stanford, who secured Muy- 
bridge as photographer and paid him for 
his services. Muybridge did the first 


work for Stanford in 1872 at Sacra- 
mento. Mr. Stanford moved from Sac- 
ramento to Palo Alto and established his 
stock farm here in 1876. Muybridge 
worked as a photographer in San Fran- 
cisco. A man by the name of Larkyn, 
from Australia, fell in love with liis 
wife; Muybridge shot Larkyn at the Yel- 
low Jacket Mine near Calistoga, Cali- 
fornia, on October 18, 1874. He was 
arrested and lodged in jail and on De- 
cemb(*r 8, 1874, the Grand Jury returned 
a bill against him. He was tried at 
Napa, California, beginning February 
15, 1875, and the jury returned a verdict 
of ‘^not guilty.” Shortly after this he 
went to Central America and took many 
photographs relating to the coffee in- 
dustry, returning to San Francisco 
sometime in 1876. Leland Stanford was 
then Well established at Palo Alto and 
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wanted to continue his investigation of 
the locomotion of tlie horse. He got Mr. 
Muybridge to make some further trials 
in 1877. It was Stanford who suggested 
using more than one camera. He finally 
suggested using twenty-four cameras 
placed a foot apart, adopting this on the 
basis of the stride of the horse being as a 
rule somewhat less than twenty-four 
feet. He therefore conceived that the 
twenty- four cameras, a foot apart, would 
cover the longest stride and would give a 
sufficicntlj' detailed analysis. A re- 
flection screen, fifty feet long and fif- 
teen feet high, built at an angle facing 
the south, provided a brilliant back- 
ground against which to photograph the 
horse. Horizontal lines and vertical 
lines placed on this background provided 
the coordinates against which to measure 
the successive silhouettes. The ex- 
posures of the wet plates were of one 
thousandth second and shorter. John D. 
Isaacs, mechanical engineer, working in 
one of the shops connected with Mr. 
Stanfords railroad interests, was se- 
cured to develop better technical means 
of timing the photographic exposures in 
reference to the progress of the horse 
past the cameras. Isaacs devised elec- 
trical means of operating the shutters 
which materially advanced the research. 


These wore the first truly consecutive 
instantaneous pictures portraying rapid 
motion that were used by Mr. Stanford, 
Mr. Muybridge and others in the wheel 
of life,’’ zoetrope and other devices 
which had formerly been developed to 
give motion from series of drawings and 
from sets of posed photographs. 

Stanford permitted Muybridge to 
coi>yright the photographs as he himself 
originally had no idea of publishing any- 
thing concerning the work. He kept 
Muybridge quite busily engaged during 
the years 1878 and 1879 and invested all 
in all about $40,000 in the project, send- 
ing Mr. Muybridge to Europe in 1881. 
Muybridge did not return to Palo Alto 
or San Francisco to take up photo- 
gra])hic work again. He got into corre- 
spondence with Provost William Pepper 
in 1884. This correspondence resulted 
in his going to work at the University of 
Pennsylvania, where, according to the 
statement of Muybridge, **the Palo Alto 
outfit was duplicated” and in fact, in 
place of one battery of twenty-four 
cameras three batteries of twelve were 
used at different angles. In the mean- 
time, dry plates had become available so 
that the photographic results were much 
better than the Palo Alto silhouettes. 

The text of the tablets reads : 


IN COM AfBM ORATION OF 

THE MOTION FICTURE RESEARCH OONDUCTEP IN 3878 AND 3879 
AT THE PALO ALTO FARM NOW THE BITE OP STANFORD UNIVERSITY. 

THIS EXTENSIVE PHOTOGRAPH I(’ EXPERIMENT PORTRAyiN<4 THE ATTITUDES OF MEN AND OF ANIMALS IN 
MOTION WAS CONCEIVED BY AND EXECUTED UNDER THE DIRECTION AND PATRONAGE OF 

LEIJVND STANFORD 


CONSECUTIVE INSTANTANEOUS EXPOSURES 

WERE PROVIDED FOR BY A BATTERY OF TWENTY-K)UR CAMERAS FITTED WITH ELECTRO- SHUTTERS. 


EADWEARD J. ,MUYWlIDOE, PHOTOGRAPHER, 

CARRIED OUT THE INVESTIGATION AND SHOWED 

THAT THE PHOTOGRAPHS COULD BE (XIUlBINED IN PROJECTION TO GIVE THE TRUE APPEARANCE OF MOTION. 


JOHN D. ISAACS, MECHANICAL ENGINEER, 
advanced THE RESEARCH BY DEVISING ELECTRICAL EQUIPMENT. 

J. D. D. STILLMAN, M.D*.^ 

ANALYZED THE PHOTOGRAPHS EEIiATING TO THE LOCOMOTION OF THE HORSE. 


THIS TABLET ERKOTED BY STANFORD UKIVERSITY, MAY 8, 1929. 
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ABTHUE S. IjOEVBNHART 

Pkofkssob op puabmacolooy and Toxicoiioov IN THE University op Wisconsin until his death. 
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THE CAMPAIGN AGAINST CONSUMPTION 


Tue turning point in the Great War 
was wlu*n the allied forces fighting the 
Germans joined in a single coordinated 
plan of campaign under unified control 
by the ai)pointment of General Foch, as 
commander-in-chief of all the armies. 
The turning point in a greater war may 
likewise date from the day when the 
allied forces fighting the germ of tuber- 
culosis joined in a single coordinated 
plan of campaign under unified control 
in charge of the Research C^jinmittee of 
the National Tuberculosis Association. 
This means a revolution of the major 
strategy in the conquest of disease, the 
adoption of the policy of siege tactics 
and trench warfare on a large scale in- 
stead of relying upon accidental ad- 
vances and the casual attacks of indi- 
vidual investigators as in former times. 
Progress under the new ])lan may be 
slow but is sure, for each foot of ground 
gained in advances into unknown terri- 
tory is securely held. A small army of 
experts has volunteered service in this 
field, chemists, bacteriologists, druggists, 
physiologists and physicians, more than 
a hundred of them, working in various 
parts of the country on the common 
problem. 

The first objective of the new cam- 
paign is the discovery of the cause of 
the disease. After that is attained the 
way will be opened for the discovery of 
a cure for the disease. It has long been 
known that tuberculosis is due to certain 
plant-like parasites, bacilli, or in plain 
English little rods,'' which find a lodg- 
ment in the cells in the lungs or other 
parts of the body and there form nests 
or colonies, in the shape of little nodules, 
the characteristic “tubercles." But we 
have got to know more about these bacilli 
before we can fight them effectively. 
How does it happen that these little 
creatures have the power to pull down a 
strong young man? Why is it that a 
little local colony of these microscopic in- 
vaders can set up fevers and sweats in 
the entire frame and cause him to 


weaken and w^aste away? Do they i)oi- 
son him or what? Do the dead germs 
or the live ones do the damage? What 
are they made of? What do they give 
off while living? What do they leave 
when dead ? 

Obviously the first step in the investi- 
gation was to, set the chemists to ana- 
lyzing the T.B. bugs. But the chemists 
demanded that they be supplied with the 
material to be analyzed by the pound, 
even by the hundred pounds in the long 
run. 8o two of the leading manufac- 
tunrs of medicines undertook to culti- 
vate the creatures that they proposed to 
d<*stroy. Fortunately it was found that 
the tuberculosis bacillus, unlike many 
microbes, could be made to grow outside 
of animals and without any animal 
matter. They would thrive in glass 
flasks filled w'ith nutrients of known 
composition, made up of pure chemicals. 
(^mse(iuently any new substances dis- 
covered in the dead and dried germs, 
or in the solutions where they had lived, 
must be such as have been formed by the 
creatures themselves and such as they 
release inside the body. In this mass of 
crude material then we may expect to 
find the products that exert the dele- 
terious effect upon the human system. 

Although the chemical work may be 
said barely to have begun, yet it has 
already resulted in startling discoveries. 
Two, in especial, are altogether unex- 
pected and without precedent. There 
have been found, among the toxic con- 
stituents of the T.B. germs, two that be- 
long to two of our most familiar food 
families; an unknown fat that may form 
tubercles and an unknown sugar that 
may be fatal under certain circum- 
stances. All the fate and sugars known 
hitherto are nutritious and innocuous. 
Not a disreputable member among the 
scores of fats and sugars found in nature 
or the hundreds that can be formed by 
the chemist. 

But the newly found fat when in- 
jected into an animal will form the 
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same sort of tubercles as are produced 
by the living germs. This fat is, of 
course, devoid of life; in fact has been 
freed from all other substances in the 
complicated chemical process of purifica- 
tion. Probably when its structure has 
been work(;d out it will be found pos- 
sible to make it artificially from mineral 
matter in the laboratory. It contains 
the same elements as the common fats 
and it seems similar in constitution to 
the ordinary fatty acids of foods, such 
for instance as stearic acid. Yet it is 
capable of producing all by itself the 
same little nodules that are character- 
istic of the disease and have hitherto 
been found only in the colonies of the 
living bacilli. The first effect of the in- 
jection of this fatty fraction is to stimu- 
late the growth of the particular kind of 
blood cells that the T.B. bug lives in, 
and the abnormal multiplication of these 
cells upsets the l)alance of tlie lK)dy cells. 

The other discovery is still more un- 
expected. This is a strange sugar which, 
when injected into the blood of a tuber- 
culous animal, will kill it quickly. Yet 
it is harmless to an uninfected animal. 
Somehow the sugar knows. It can make 
a diagnosis like a doctor — or better than 
some. Yet the sugar is a white, harm- 
less-looking i)owder, sort of sweetish like 
the others, made of the same elements, so 
it is peculiar that it should prove to have 
poisonous properties. It seems to act di- 
rectly on th« adrenal glands, causing 
sweats and fevers, for the secretion of 
the adrenals controls the temperature re- 
actions of the body. We may surmise in 
advance of evidence that the familiar 
symptoms of the disease and its final 
fatal effects may be due, in part at least, 
to th(^ constant leaking into the blood of 
this pernicious product from the T.B. 
germs as they die and decompose inside 
the cells of the afflicted individual and 
so slowly poison him. 

This is not the only case of sugar 
found in disease germs, for recently 
some unknown sugars have been ex- 
tracted from pneumonia material. 


The healthy person can for a time 
withstand the ])ernieious influences ema- 
nating from the infected area, but as 
those increase and his resistance weak- 
ens, he fails to react as at first and the 
rising and falling of his temperature be- 
comes more extreme. We may hope that 
eventually the chemists will find some- 
thing that will break down the waste 
jmison of the tubercle bacilli into glucose 
or other harmless substances. 

It is already obvious that the new 
tactics for ihe investigation of disease, 
while at firiiit focussed upon the tubercu- 
losis problem, will throw light upon 
other diseases and in fact upon the fun- 
damental processes of human physiology. 
For the three grand classes of com- 
ponents found in these laboratory-raised 
bacteria, that is, fats, sugars and pro- 
teins, are the same as constitute our 
bodies and our food. But how these 
three kinds of compounds combine in the 
body is still a mystery. The chemist has 
isolated and determined the composition 
and construction of all the common 
fats, sugars and proteins. Some of them 
he even can make synthetically in his 
laboratory. He can figure out closely 
just how much of these various ingre- 
dients of food are needed for a particu- 
lar day's work. He can tell, for in- 
stance, just how many more foot-pounds 
a man can lift by adding an ounce of 
glucose to his ration. The chemist can 
trace the molecule of glucose through 
the blood-stream till it gets to the muscle 
where it is needed. But there he loses 
track of it. He is still much in the dark 
as to how the protein in the muscle fiber 
seizes on to the sugar and gets energy 
out of it and what part is played by the 
phosphorized fatty acids present. If he 
could find out how these three substances 
are hitched up in normal life, he would 
most likely be able to find out how they 
get hitched up wrongly in disease and 
finally how to correct the blunder. 

Bdwin B. Slobsok 

Direofor of Science Service 
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THE FIRST YEAR OF THE CARNEGIE'S 
SEVENTH CRUISE 

By W. J. PETERSi 

CAllNEGIE INSTITUTION OF WASHINGTON 


Just about one year ago the Carnegie 
left her prolonged berth in the Wash- 
ington Channel with eight young scien- 
tists on board having ambitious visions 
of carrying out an elaborate program of 
observations under the leadership of 
Captain J. P. Ault. This article is 
based upon the numerous reports pre- 
pared by these young men at sea and 
compiled in the office. In reading these 
reports one is impressed with the gJov/- 
ing interest they contain, details of re- 
peated trials with new apparatus, fail- 
ures that will be overcome, successes 
already achieved — between the lines, 
hardships and possibly compensating 
amenities, for all of which there will be 
no room in this prosaic account of the 
work done during the first year of the 
three-year cruise of the vessel — her 
seventh — begun May 1, 1928. 

Magnetic Work 

The six preceding cruises of the 
Carnegie together with three of the 
Galilee, beginning in 1905 under the 
auspices of the department of terrestrial 
magnetism of the Carnegie Institution 
of Washington, had practically •com- 
pleted by 1921 a general magnetic sur-. 
vey of ^1 the oocians, supplying values 
of the iMgnetie declination or variation 
of the eompasa, inclination and sttrength 
of the magnetic field over immense re- 

i Oommaader of the Burvey-ships OaUlee, 
190a-0B| 3900-14. 


gums in which the navigator had 
hitherto been forced to rely on magnetic 
charts constructed on data altogether 
too meager. This comprehensive survey 
of the oceans together with contempo- 
rary magnetic surveys on land now fur- 
nishes material from which a fairly 
reliable theory of the magnetism of the 
earth as a whole may be deduced. Even 
so, changes occur, as the years go by, 
and charts, diagrams or investigations 
are made for one selected epoch in order 
to rei)resent consistent values. Evalua- 
tions of the rates of these secular 
changes are not only required to reduce 
observed values to a common opoch or 
from one epoch to another, but they are 
in ever-increasing demand by investi- 
gators correlating the earth’s magnetic 
field with other geophysical phenomena. 

The present magnetic program® of the 
Carnegie has been planned accordingly 
to yield primarily, secular variation, and 
to obtain it with the least effort com- 
Xiatible with trustworthy results. This 
is accomplished — in part, by improve- 
ments in instruments, such as the instal- 
lation of a constant-speed apparatus to 
drive the coil of the marine earth- 
inductor, an amplifier and a micro- 
ammoter to determine magnetic inclina- 
tion — in part, by eliminating duplicate 
observations with two inetVtiinenta— in 

a See J. P. Ault, an^ Pro- 

gram of efcean-Sumys,’* ScikNTirio Monthly, 
26: 160-177, 1928. 
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CABXEGIE UNDER SAIL 

South Pacific Ocean (lattpude 2° south, LONGirtruK 9o® west). 
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part, by omitting observations every 
other day, or here and there as found 
desirable — and in part, by following the 
tracks of earlier cruises as closely as cir- 
cumstances permit with the object in 
view of making every observation avail- 
able for secular-variation data. 

The passages already made by May 1, 
1929, to a point beyond Apia are shown 
in the chart by the continuous line. The 
proposed passages of the rest of the 
(‘I’uise are shown by dotted lines. Dur- 
ing the first year the vessel was actually 
at sea 242 days and had sailed 27,800 
nautical miles (about 112,000 statute 
jiiiles). She crossed the Atlantic, re- 
crossed it, entered the Pacific by way of 
the Panama Canal, and after a loop in 
the southeastern Pacific to Kaster Island, 
Callao and Samoa, had sailed from Affia 
on April 20, 1929, for (Juam and 
Yokohama. 

Atmospheric Electricity 

Atmospheri(*-electric observations were 
not instituted with magnetic observa- 
tions on the first cruise of the Galilvc. 
Instruments and methods for use at sea 
were then far from perfect, and al- 
though observations were attempted on 
the third cruise (1907-1908) of that 
vessel and were continued on the subse- 
quent cruises of the Carnegie, the more 
satisfactory instruments, largely of de- 
partment design, not being available 
before the Carnegie's fourth cruise be- 
ginning in 1915. The end of the sixth 
cruise, therefore, left much to be de- 
sired especially in twenty-four-hour 
series and in the distribution of observa- 
tions over the globe. Now by means of 
photographic methods continuous rec- 
ords of potential gradient can be made 
as long or as often as required. The 
apparatus is in a metal box bolted to the 
taffrail with a collector projecting out- 
board. The box is really a small dark- 
room with the recording parts inride. 
Another instrument for the photo- 
graphic registration of conductivity will 



MAIN AND QUARTER-DECK, CARNEGIE 

As SEEN PROM ROYAL YARD. 


be installed in July after the Carnegie 
arrives at San Francisco to supplement 
the present eye-reading apparatus. Im- 
provements have been made in the in- 
struments for measuring penetrating 
radiation, radioactive content and con- 
ductivity, thereby offering through 
greater facility in operation m^iny 
more opportunities for twenty-four-hour 
series. 

Weather conditions were generally 
bad on the first passage, Hampton Beads 
to Plymouth, and some time was re- 
quired for adjusting new instruments to 
service conditions and for devising a 
program that would fit in with other 
operations. 



BROKEN LINES SHOW PORTION PLANNED 1929 - 1931 . 
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SCIENTIFIC STAFF OF THE CARNEGIE 

(Left to right; Sittiw!, Parkinhon. Ault, Paul; sTANniKn, Soule, Jones, Scott, Seiwell, 

Torreson.) 


Low values of ionic content and con- correlate with utmos])hciic-elcctiic elc- 
ductivity were found and have been as- ments. 
cribed to stormy weather. At Hamburg, Meteorolckjv 

Hr. Kolhorster’s penetrating-radiation Tbe meteorological program has been 
instrument was received and is being expanded to include continuous records 
used in observations parallel with the, with the Hartmann and Braun electrical 
Cahwgie’s instrument. recorder installed in the control-house 

Between Iceland and Barbados and with three pairs of distant resistance- 
subsequently obsenntions have been thermometers, wet- and dry-bulb, the 
made almost every day. Low values of lowest in the shelter house on the quar- 
ionie content and conductivity were ob- ter-deek, another at the main crosstrees 
tained as far south as latitude 13° north, and the highest just below the main 
after which they were high for a few truck. These thermograms, which arc 
days before retuniing to normal on the controlled by the Negretti and Zambra 
westerly run to Barbados. recording psychrometcr on the Assman 

The Aitken dust-counter was used aspiration principle, will furnish data 
almost daily for nucleation-counts to for temperature and humidity lapse- 
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RELEASING PILOT BALLOON ON BOARD CAKNEGIE 
South Pacific Ocean 


rules Irom practically the sea-surface to 
an elevation of about thirty-five meters. 

Therinoji^rams are also made for water- 
temperatures. The thermal element is 
attached outside to the hull about seven 
feet b(‘low load-water-line and the thcr- 
inograi)h is installed in the now oceano- 
graphic laboratory. 

Fine weather after leaving the canal 
gave tlie first opportunity to initiate 
pilot-balloon flights and to use the new 
gimbal-niounted theodolite received at 
Balboa from the navy. Flights were ob- 
seiwed thereafter nearly every day dur- 
ing favorable weather, and on several 


occasions the balloon was kej)t in view 
for more than an hour, though the aver- 
age time was from twenty to thirty 
minutes. The directions and velocities 
have been deduced from sea-level' to 
heights of four to twelve kilometers in a 
region where few, if indeed any, pilot- 
balloons had ever been released. The 
new Plath drum-sextant received at 
Callao was found to be almost a neces- 
sity in team-work with the theodolite. 
The balloon was often picked up first 
with the sextant, the sextant-raeasuTed 
altitude then set off on the theodolite 
thereby expediting the pointing of the 
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theodolite after which simultaneous 
sights were taken, one for altitude, one 
for bearing, and the procedure was then 
repeated again and again. 

The evaporation of sea-water is noted 
on days favorable for the experiment 
every four hours. 

The foregoing arc in addition to the 
customary meteorological observations 
which have always included hourly re- 
ports of wind-direction and wind-veloc- 
ily, also state of weather and sea by the 
watch-oflficers ; reports of wet- and dry- 
bulb thermometer readings and aneroid 
readings by the watch-oflficers at the 
change of watch; continuous thermo- 
grams in the shelter-house and baro- 
grams in the cabin; special meteorolog- 
ical observations in connection with any 
diurnal-variation series of some other 
investigation, usually by one of the sci- 
entific personnel, and the regular obser- 
vations at mean noon Greenwich re- 
corded on the Weather Bureau forms. 

OCKANOORAPHY' 

The work of deep-sea soundings in- 
cludes several o])crations of sounding, 
subsequent electrical and chemical de- 
terminations and the calculations. 

The sonic depth-finder was used in 
331 soundings in the North Atlantic and 
again in the Pacific until the oscillator 
which is installed in the keel failed to 
function early in November. Then, as 
the microphones were still in good order 
an improvised gun made of brass tubing 
twenty feet long was usp<l to explode 
shot-gun shells about a foot or so under 
Water on starboard side, that is, on the 
side opposite to the microphones. The 
lime-interval between explosion and 
echo was determined by a stop-watch. 
Sometimes the second echo was heard. 
A number of these soundings were com- 
pared with soundings by pressure- 
themometer and with wire-soundings 
read on the meter-wheel corrected for 
the angle of drift. The oscillator was 


overhauled in dry-dock at Callao and has 
been functioning ever since. 

About one hundred miles off the coast 
of Ecuador in latitude 1° 32' south, lon- 
gitude 82“ 16' west, a submarine ridge 
was discovered on November 8, 1928. 
This ridge is named '‘Carnegie Ridge. 

It rises about 1,800 meters above the gen- 
eral level of the ocean-floor which, here, 
is in soundings of 3,000 to 5,000 meters. 
A bottom-sample showed small frag- 
ments of lava and obsidian with globi- 
gcrina-ooze. Another submarine ridge 
was discovered on January 8, 1929, ex- 
tending twenty kilometers as the Car- 
nr 0 e\s track crosses it and rising some 
3,000 meters above the ocean-floor, which 
is more than 4,000 meters below the sur- 
face of the sea. In latitude 25° 03.2' 
south, longitude 82° 20.0' west, the crest 
of the ridge sounded in 1,445 meters luid 
maintained this average level to 24° 54.0' 
south and 82° 13.0' west M'here it rose to 
a sounding of 1,260 meters before the 
Onul drop began. A bottom-sample 
showed grayish white globigerina-ooze. 
This ridge is named “Merriam Ridge*' 
in eom])liment to the president, Dr. John 
C. Merriam, of the Carnegie Institution 
of Washington. It is assumed to be an 
extension of the uplift forming the 
islands of San Felix and San Ambrosio. 

A deep was discovered on February 
16, 1929, in latitude about 15" south, 
longitude 98° west, which wcuj named 
“Bauer Deep" after the director, Dr. 
Louis A. Bauer, of the department of 
terrestrial magnetism. In a distance of 
fifty miles the observed depths varied 
from 2,700 meters to 5,400 meters and 
back to 4,100 meters. 

A ridge rising 2,000 meters above the 
average bottom was discovered in the 
Tuamotu Archipelago. 

Throughout the passage from Callao 
to Tahiti the bottom is very irregular, 
multiple echoes having been received in- 
dicating sometimes as many as six sur- 
faces. 
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The teehnique of securing bottom- 
samples had been brought to a high state 
of efficiency on the Atlantic cruise, and 
as a consequence bottom-samples were 
obtained more frequently in the Pacific. 
The most successful device was the 
Vaughan snapper with thirty meters of 
four-millimeter aluminum-bronze wire 
for drift between the piano wire and the 
snapper, to prevent kinks in the piano 
wire aftei' touching bottom. One of the 
Meteor tubes bi'ought up on one occasion 
twenty-four inches of bottom material, 
but on a subsequent cast it stuck and 
was lost, the sounding wire breaking in 
the attempt to haul in. 

All equipment for oceanographic sta- 
tions is o])erating well. The Nansen 
water-bottles, stowed conveniently in 
racks built for the purpose on the quar- 
ter-deck, are quite successrul, and the 
Richter and M^iese deep-sea reversing 
Ihcnnoineters rarely fail to record 
properly. The salinity-apimrat us after 
the design oC Dr. F. Wenner, of the 
Bureau of Standards, for determining 
salinities by the electric conductivity is 
very satisfactory. When an oceano- 
graphic station has boon made in the 
forenoon the values of salinity will have 
been determined by evening. That the 
accuracy of the results is high is indi- 
cated by occasional comparisons witJi 
results by titration. The reels of tlic 
bronze winch on the quarter-deck may 
be run singly or together, so that on 
oceanographic stations another wire may 
be payed out while one is being hauled 
in. Two series of water-bottles, ten on 
each line, can; therefore, be collecting at 
the same time, or a heavier line may be 
bent to the vertical tow-nets while a 
series of water-samples and tempera- 
tures arc being obtained wdth the other 
reel. 

Three bronze davits have been in- 
stalled, one at the taffrail and one on 
either side just abaft the main rigging, 
with bronze fairleads for the bronze 



PKTTERB80N PLANKTON-PUMP READY 
TO (iO DOWN 


sounding wire. Water-bottles and ther- 
mometers are attached as the sounding 
wire leaves the fairleads by observers 
standing on outboard platforms. Two 
thermometers are used with each water- 
bottle, one unprotected and calibrated 
for pressure gives a chock on the depth 
at which the temperature and water- 
sample arc secured. Water-samples and 
water-temperatures are usually secured 
at each ocean-station practically every 
other day at the following depths in 
motel's, 0, 5, 25, 50, 75, 100, 200, 300, 
400, 500, 700, 1,000, 1,500, 2,000, 2,600, 
etc., to a lowest of 5,500 meters in two 
series using eight to ten bottles on each 
wire for each series. 
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The calculations of density, dynamic 
depth, pressure, specific volume and 
their anomalies for the various depths 
are made on board in accordance with 
the method of V. ^j^^^rkness (1910) as 
modified by Hesselberg and Sverdrup 
(1915). These are the data required 
for calculating the velocities of any 
layer of water from the surface down to 
the average depth reached. The num- 
ber of solenoids down to a depth of 2,000 
meters where the velocities are assumed 
to be zero is computed, a solenoid being 
formed by tlic intersection of surfaces of 
equal pressure (isobaric) with surfaces 
of equal specific volume (isosteric). The 
number of solenoids is a measure of the 
force tending to cause circulation. Pre- 
liminary reports on the results for the 
cruise in the North Atlantic and for pas- 
sages in the southeastern portion of the 
Pacific Ocean (Balboa to Callao and 
Callao to Papeete) prepared by C'aptain 
Ault arc being finally checked for pub- 
lication. Two tables showing the ob- 
served and computed valu(‘s of the 
various elements involved and graphs 
giving the details for temporal ure, salin- 
ity, density and specific volume arc to be 
included in these preliminary ])ublica- 
tions. These graphs bring out many 
interesting facts, the details of which 
will appear in later communications. 
Preliminary publications arc to be made 
in order that the data may be available 
for the use of students and investigators 
of ot^eanography at the earliest moment. 
This procedure is in accordance with our 
usual practice of publishing preliminary 
results in terrestrial magnetism. Even 
now the magnetie results obtained as far 
as Apia are cither published or are in 
press. 

The number of oceanographic stations 
between Washington and Plymouth was 
limited to six by heavy weather, adjust- 
ments of new equipment and the train- 
ing of personnel. Two stations were 
made between Hamburg and Iceland 


and four more before reaching the 
Grand Banks of Newfoundland. Dur- 
ing the stretch southward eleven stations 
were made before the westerly run to 
Barbados on which six more were made. 
At all stations but one, depths from 
2,000 to 5,500 meters were reached. 

The results in the North Atlantic con- 
firm the conclu.sioas presented by Hel- 
land-Hanscn and Nansen in their book, 
‘"The Eastern North Atlantic,'^ as re- 
gards the relation between observed val- 
ues of temperature and salinity. The 
variations from a general curve arc 
mostly accounted for by the j)re8ence of 
water of low salinity as compared witli 



APPABAT0S OJT TAPPBAtliOP C4B^EGIE 
For PHOTOaftAPHiCALLY aJECORDW^ THB POTEN- 
TIAL GRADIENT OP TlIE ATUOSPHRRE, 
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REMOVING NANSEN WATER-BOTTLE AT OCEANOGRAPHIC STATION 


temperature. For example, the pres- 
ence of polar water is indicated at sta- 
tions in the Greenland and Labrador 
streams. The results serve to emphasize 
the desirability of repeat-observations in 
the same localities for shallower depths 
in order to secure anything like an ade- 
quate view of the system of surface and 
near-surface circulation. 

The records obtained between Balboa, 
Easter Island and Callao were made at 
five oceanographic stations in and near 
the Gulf of Panama, six stations along 
the westward stretch to about 105° west 
longitude past the Galapagos Islands, 
eiglit stations thence to Easter Island, 
six stations on the southeasterly run 
from Easter Island to latitude 40.5° 
south before heading, up on the north- 
easterly stKitch to Callao during which 
eleven stations were made. Captain 
Quit's preliminary reports state: 

The charts, giving the results by these sec- 
tions, present the physical conditions of the 


ocean water clown to 2,000 meters in a very 
striking manner. The low-salinity fresh water 
near the coast is shown. Then we (mter the 
high -salinity warm water, coming down from 
the central Pacillc, iKsfore crossing into tlie 
cold, up-welling, turbulent waters of the sub- 
Antarctic as we approach the latitude of 40® S. 
The crossing of the Peruvian or HuniMdt 
Stream is marked in the north off the coast of 
Ecuador, and again in the south as we approach 
tho coast of southern Peru. Data from the 
next portion of the cruise will add materially 
to tho picture of the physical conditions of the 
ocean waters of the South Pacific Ocean. 

Marine Biology 

The work in marine biology, confined 
mostly to microbiology to determine the 
abundance and distribution of plankton 
and other small organisms, has been 
carried on vigorously. The methods 
and apparatus are in large measure 
new ; on the whole they have been satis- 
factory. The large pknkton half ‘meter 
and meter tow-nets after the ^‘Michael 
Bars’’ design with improvements and 
made of Dufour silk bolting-cloth are 
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described by H. R. Seiwell,^ chemist and 
biologist of the expedition, in the Jour- 
nal of the International Council for the 
Exploration of the Hea. 

The tow-nets are used at each oceano- 
graphic station at tlie surface, also at 60 
and 120 meters below. Tlie Pettersson 
j)lankton-pump is also used ut the same 
dcptlis. The nets have been generally 
satisfaetoiy, except during excessive 
rolling when it is difficult 1o avoid tear- 
ing them. Experiments are being made 
with aeroplane sliock -absorbing cord for 
the bridles. The bust advices state that 
aeroplane nibber-rope bent to the in- 
board end of the towing line is being 
used with success. 

Trouble with the Pettersson plankton- 
pump was also experienced when the 

a Hce J. ConsHl InUnuit. pom rExploraticm 
de la Mrr, 4: 99-103, 1929. 


vessel, hove to, was rolling heavily, but 
a number of adjustments and improve- 
ments made at sea now render this in- 
strument serviceable under almost any 
condition likely to be encountered. 
The quantitative plankton-pumpings ob- 
tained with this instrument are consid- 
ered to be the best ever made on the high 
seas, and they will show, when worked 
up, the relation between the zooplankton 
and the phytoplankton to 100-meter 
depths. A large amount of biological 
collecting is done with tow-nets and dip- 
nets dragged from a special boom-walk 
similar to the one used by Beebe, which 
is lowered by a pendant from the star- 
lx)ard fore-rigging. This boom-walk 
enables the collection to be made well 
out from the wash of the vessel. 

In addition to the biological work con- 
(*erned chiefly with the plankton, occa- 
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sional tows and dredgings aro made in 
shallow water for diatoms and Fora- 
minifera. The chemical studies in inor- 
ganic phosphate, nitrate and hydrogen- 
ion concentration are intimately tied up 
with the phytoplankton. 

The advantages of receiving raidio 
time-signals and tlie almost daily com- 
munication with the office can hardly 
be overstated. The uncertainties in the 
rates ot* five or six chronometers carried 
on th(‘ earlier cruises made it necessary 
to postpone final corrections to the longi- 
tudes of sea stations until time-signals 
could be obtained at the next port. Now 
final longitudes are obtained on the day 
following the stations for which they are 
required, with a vast reduction in the 
work of eomi)arisons and computations. 

All preliminary^ computations are 
made and cheeked on board and are 
promptly mailed to the office with all 
records at each port. 

During tlie first year of the present 
cruise ther(‘ have been made 350 mag- 
netic declination-observations, 110 incli- 
nation and horizontal-intensity observa- 
tions, 98 oceanographic stations, 800 
sonic-depth determinations, 225 at- 
mospheric-electric observations, 90 
balloon-flights and 50 collections of 
bottom-samples, besides the daily and 
continuous records of air and water- 
temperatures, of humidity and of 
pressure. 

The scientific staff of eiglit are: Cap- 
tain J. P. Ault, commander and chief of 
scientific staff; Wilfred C. Parkinson, 


senior scientific officer; Oscar W. Torre- 
Boii, navigator and executive officer; F. 
M. Soule, observer and electrical expert ; 
H. R. Sciwell, chemist and biologist; J. 
H. Paul, .surgeon and observer; W. E. 
Scott, observer; Lawrence A. dones, 
radio oi)erator and observer. Dr, 11. U. 
Sverdrup, of the Geophysical Institute, 
Bergen, Norway, research -associate of 
the Carnegie Institution ot‘ Washingtoji, 
is consulting oeeanograi)her. 

The preparations for the current 
cruise had and have generous coopera- 
tion, expert advice and loans or dona- 
tions of much special equipment and 
many reference hooks on board, from 
government and ])rivate organizations 
and individuals interested in oceano- 
graphic research both in America and 
Europe. For these the Carnegie Institu- 
tion of Washington is indebted to many 
organizations at home and abroad.'* 

Prom considerations of the data al- 
ready obtained and above briefly noted, 
it is believed tliat Cruise VII of the 
Carnegie will yield much valuable mate- 
rial to enrich many branches of geo- 
physical research. It is hoped that the 
development of tcclmique, the improve- 
ments of apparatus and methods and the 
results obtained during the cruise may 
be helpful in stimulating and may serve 
as a general basis for future intensive 
surveys in the vast oceanic areas. 

* For a detailed list of thoBC organizations 
and individuals we J. A. Fleming and J. P. 
Ault, Zs. Oes, Erdl'., Ergtinzuiigshcft 3: 55, 
1928. 



WAVE MECHANICS 
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pROBADLY no modem theory of the 
atom, since Bohr, has attracted more 
attention or been more often mentioned 
than the Schrbdinger theory. This is 
to be exf)lained, of course, mainly by the 
fact that it is Ihe only one which, even 
in a limited degree, lends itself to a 
ret)resentati()n by physical models. This 
theory, however, from its very nature, is 
a logical part of a more general topic 
that goes by the name of wave mechanics. 
The object of this article is avowedly to 
deal with this topic only in a very broad 
and general manner. 

Dr. Karl K. Darrow,^ after referring 
to those pliysicists who “yearn for con- 
tinuity in their images of nature,’’ re- 
marks that the theory of wave mechanics 
“has captivated the world of physics in 
a few brief months because it seems to 
promise a fulfilment of that long-baffled 
and insuppressible desire.” The old 
saying regarding the pendulum swing- 
ing to the other extreme is remarkably 
exemplified in the general aspects of this 
new theory of the atom. For, while the 
Milder quantum theory sought to replace 
■our time-honored wave-motion by cor- 
puscles of energy, this theory requires 
just the reverse, since now the ultimate 
particles of matter are themselves re- 
garded as systems of waves of a certain 
sort. 

This is really an extraordinary re- 
versal of view-point, for the whole trend 
of physical science has been in the di- 
rection of atomicity. Among the earli- 
est Greek philosophers we have our 
•atomists, such as the famous Democritus, 
though the atomic theory of matter can 
Scarcely be called a scientific theory 
until Dalton provided it with an experi- 
mental substratum many centuries later. 

^^‘Introduction, to Wave MechaniCB/’ BcM 
•System Teoknioal Jomnal, 6: 663. 1927. 


It seems but yesterday that we spoke 
of an “electric fluid,” or of two of these 
fluids. Now this mysterious fluid has 
gone the way of all matter and has be- 
come granular, with the exceedingly fine 
grains, i.e., electrons, that Millikan has 
measured so accurately. Students often 
call them “ discreet ” (discrete) particles, 
but it sfM^ms to-day as if these particles 
have not always been “discreet” enough, 
for a number of our experimental physi- 
cists have recently detected them in a 
most un particle-like behavior, a subject 
to which we shall revert later. 

Next we were asked to consider the 
possibility of light being propagated as 
corpuscles. The fact that a corpuscular 
theory of light had been the pnwailing 
theory for a century after Newton made 
matters all the worse, for it seemed too 
much like a ghost-walking busineas. 
This particular ghost, viz., the corpus- 
cular theory of light, was one that was 
thought to have been laid for all time. 
Experiment after experiment, in all 
branches of optics, fitted in so perfectly 
with the wave theory of light that Hertz 
could say in 1889, ‘ * The wave theory of 
light is, humanly speaking, a certainty.” 

Unlike their predecessors, the light 
corpuscles, these waves required a me- 
dium in which to travel, and a ” lumi- 
niferous ether” was provided. There 
is a certain naivet^^ in the very choice 
of this adjective which was not lost on 
a certain prominent president of the 
British Association for the Advance- 
ment of Science a generation ago, who 
remarked that the chief funetion of the 
ether was to furnish the subject for the 
verb ‘'to undulate.” Yet it is charac- 
teristic of the philosophic attitude of 
that time 'that it could seriously be said, 
“There is as much reason for believing 
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in the existence of the ether as in that 
of shoemaker’s wax.” 

One of the chief trouble makers of 
the supposedly firmly established wave 
theory is the photoelectric effect. Photo- 
electricity was genially defined recently 
by a physics student as ^‘the produc- 
tion of a photo by means of electricity 
through light rays.” The discerning 
reader will doubtless perceive that we 
have to do with a ])heiiomenon widely 
applied in the transmission of photo- 
graphs and t/(devision. The basic phe- 
nomenon is simply that of the libera- 
tion of electrons from certain metallic 
surfaces when the latter are struck by 
light of appropriate wave-length. This 
has often been described, and is men- 
tioned here only to call attention to the 
fact tliat a corpuscular th(K)ry of light 
is imperatively demanded by certain ex- 
periments connected with this emission 
of electrons by metals when illuminated 
with the proper wave-lengths. Thus the 
energy with which the electrons are 
emitted is entirely independent of the 
intensity of the incident light, but de- 
pends only on the frequency vibration 
of that light. A spreading, and there- 
fore constantly attenuating, wave will 
simply not provide energy enough. 
What is required is particles that con- 
serve their energy regardless of the dis- 
tance they have traversed before strik- 
ing the emitting surface. As Sir Wil- 
liam Bragg has so vividly illustrated 
this point : 

It 18 as if one dropped a plank into the sea 
from a height of 100 feet and found that the 
Bpn*adiiig ripple was able, after traveling 1,000 
miles and becoming infinitesimal in comparison 
with its original amount, to act upon a wooden 
ship in such a way that a plarik of that ship 
flew out of its place to a height of 100 feet. 

Now this new hypothesis contains an- 
other yet more startling implication. 
For if light, or more generally, radia- 
tion, is propagated as corpuscles, so is 
the energy that this radiation repre- 
sents. The amount of energy in each of 


these little “parcels” is expressed by 
the product of two factors, namely, the 
frequency of vibration of the radiation 
and the world-famous universal constant 
known as Planck’s h. Algebraically ex- 
pressed it is /?v, the “quantum” of en- 
ergy. Of course, the magnitude of the 
quantum may vary. Thus a quantum 
of radio radiation is much smaller than 
a quantum of visible light, and an X-ray 
quantum is larger still. 

We have thus arrived at the end of 
an “atomizing” process. Matter, elec- 
tricity, light, energy— all seem to be 
made up of exceedingly small, but finiti\ 
particles. What is left? The ether? 
With light and energy shot out as cor- 
puscles, what need have we of an ether? 
Under these conditions one may well ask, 
with respect to the new wave theory of 
matter, where and how did such a revo- 
lutionary, or rather counter-revolution- 
ary, theory arise? New as it is, how- 
ever, it can boast of a very aristocratic 
ancestry of ideas and principles. 

Here, again, we are delving into the 
past and are about to work over old ma- 
terial. Without going into mathematical 
details, it must suffice to state that nearly 
a century ago Hamilton developed cer- 
tain relations between the motion of a 
particle and a wave-motion, relations, 
that have been elaborated and extended 
by Louis de Broglie and Schrodinger in 
a truly remarkable, not to say start- 
ling, manner. Guided by a certain strik- 
ing resemblance between two famous, 
theorems dating back to Huygens and 
Maupertuis, de Broglie proposed a bold 
hypothesis to the effect that there is 
associated with every particle of matter 
a wave-motion such that the relation be- 
tween the motion of the particle and 
that of the accompanying wave can be* 
expressed by the equation 
uv = c’, 

where u is the velocity of the wave, v 
the particle velocity and c the velocity 
of light in vacuo. Relativity also entera 
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Fic. 1. Fkom ‘ ^ Die neue Mecjianjk, ’ ’ by Ludwig Flamm, N aUirwisaciutchaften, 15 : 569. 191^7. 


in, but the details must be omitted hero. 

But a serious obstacle seems to present 
itself at this stage. For, since in the 
relativity theory no material particle 
can have a velocity greater than that of 
light, it is easy to see from the above 
equation that if v is leas than c, u must 
be greater than c. Thus the hypo- 
thetical wave associated with the par- 
ticle would travel faster than light 
itself.* However, the difficulty vanishes 
when the '‘group velocity’' of th(‘se 
waves is taken into consideration. What 
is meant by group velocity can best be 
explained by referring to a phenoimuion 
that can actually be observed on a water 
surface. Drop a stone into still water; 
the resulting wave soon becomes a group 
of waves of different wave-lengths and 
velocities. The crest of this group 
moves out with a certain velocity while 
the individual waves pass through it (in 
this case with greater velocities) from 
rear to front. More abstractly, whenever 
a number of waves of various wave- 
lengths are traveling through a medium 
in which the velocity of propagation 
varies with the wave-length, then that 
part of tile combination in which the 
various waves are most nearly in phase 

® Not the first instance of the appearance of 
a ‘<Sttpof-UfW veldoity^' of wavo propagation 
ia tkeorotical phyaica ; light propagation in 
metala ia attended by such velocities. 


(in step) with each otlier, i.e., the max- 
imum amplitude, will itself move along 
with a velocity different from that of any 
of the constituent waves. It may be 
well to point out that this group velocity 
is also the velocity with which the energy 
of any wave propagation is transported. 
Figure 1 reiiresents such a group, the 
crest shown by the arrowed line. A 
very short distance on each side of this 
peak interference rajiidly decreases the 
amplitude of the group. 

Another illustration of this phe- 
nomenon familiar to physicists is fur- 
nished by the behavior of liglit in car- 
bon disulphide. Michelson, by actual 
measurement, found the ratio of the 
velocity of light in air to that in carbon 
disulphide equal to 1.77. On the other 
band, the index of refraction of carbon 
disulphide is only 1.64, which is to say 
that the velocity of light in air should 
be 1.64 times as large in air as iti the 
liquid. This discrepancy of 7.5 per 
cent, is entirely accounted for by the 
fact that the group velocity of liglit 
in carbon disulphide (which is what 
is measured by the revolving mirror 
method) is 7.5 per cent, less than the 
wave velocity, which is the one that 
determines the index of refraction. 

To return to the Ivaves associated with 
the moving particle, calculation shows 
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that the group velocity of the ^^super- 
light velocity’^ wav(is conies out exactly 
equal to the particle velocity. We have, 
then, this situation : A moving material 
particle can be thought of as being con- 
Elected with a vibration whose wave 
velocity exceeds that of light, hut whose 
group velocity {the energy car/ier) coin- 
cides with the actual velocity of the par- 
ticle. lieferring ugain to Figure 1, we 
can now look upon this grou]) of waves 
as a sort of model of what is called a 
‘ ‘ wave-corpusclc. ’ ’ 

We come now to a vi^ry important 
feature of the theory, namely, the con- 
sideration of the energy of this wave- 
corpuscle. Since it partakes of the na- 
ture of both a material particle and a 
wave system, we can express its energy 
according to these two aspects. Natu- 
rally these two exjircssions of the energy 
must be equal to each other, and this 
equality constitutes dc Broglie ^s basic 
assumption. Let us take first the en- 
ergy of the jiarticlc considered as a vi- 
bration. This energy is expressed by 
the product hv, where v is the fr(*quency 
of the vibration and h is tlic Planck con- 
stant, The reader is doubtless not en- 
tirely unprepared to meet again with 
this h in the expression for an energy 
of vibration. One simply can not get 
along without it. Like the “Leitmotif' 
in a Wagner opera, it bobs up again and 
again, reminding us that in some mys- 
terious way it plays a central role in 
every physical phenomenon. 

Next consider the energy of the par- 
ticle as a bit of matter. This is not the 
energy due to its motion or position 
(i. e., kinetic or potential energy) but 
its intrinsic energy considered simply as 
mass, that is to say, a certain quantity 
of matter. The amount of this intrinsic 
energy, according to Einstein, is ex- 
pressed by the product of the mass and 
square of the velocity of light in vacuo. 
Thus if one gram of matter could all be 
converted into energy it would yield 
9 X 10®° ergs of energy. If this process 


of converting matter into energy could 
be realized in practice, our fuel problem 
would be solved once for all. For ex- 
ample, suppose some one in King Tut- 
ankh-Ainen’s day had started an engine 
with just one ounce of “fuel" that could 
be gradually converted into mechanical 
energy at a rate to keep the engine run- 
ning without a stop with an output of 
thirty horse-power. The engine would 
be going yet, with some three hundred 
years to run before this ounce of matter 
would be entirely consumed. 

We can now write de Broglie's fun- 
damental assumption, which is, as re- 
marked above, the statement of equality 
of tlie eiuTgy of the moving particle as 
calculated from the two vi(»w-points, 
namely, as a vibration and as a mass. 
He imts 

hv-nlc^ (1) 

Now, using the well-known relation be- 
tween velocity, frequency and wave- 
length, 

we have 



and finally, since 


UV =: C*, 



Here is a surprising result. The wave- 
length associated with a mass, m, moving 
with a velocity v, is given by Planck* s h 
divided by the momentum of the particle. 
(The reader is now in a position to figure 
*^the wave-length" of his car as it bowls 
along the highway ! ) 

De Broglie applied his theory to the 
atomic orbits of the Bohr theory and 
derived, in a very natural manner, many 
of the results of the latter theory that 
were obtained earlier by more or less 
arbitrary assumptions. The question of 
the "naturalness" of these derivations is 
debatable. It may almost be said to be 
a matter of the reader's temperament or 
taste. A friend who is especially well 
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▼exied in wave mechanioe remarked: *'It 
may be true that de Broglie’s additional 
assumptions may be more natural than 
those of Bohr. As for myself, 1 am un- 
decided just which of the two is the bet- 
ter conjurer.” 

But one does not ask for the creden- 
tials of a theory; the first question is, 
can we put it to the test of experiment t 
If this particle travels along disguised, 
as it were, as a group of waves, what will 
happen if it should pass very near some 
obstacle, or through a narrow opening t 
The reader may perhaps have observed 
the behavior of fairly large water waves 
as they pass by an obstacle, for example, 
the curves of a pier or bre^water. The 
wave, as it passes, will be seen to curve 
into the region behind the obstruction. 
The same phenomenon occurs in the case 
of light and sound. We are not sur- 
prised to hear around a comer, and light 
waves behave in a similar manner pro- 
vided the obstacles are small enough in 
proportion to the very small dimensions 
of a light wave. When you next look at 
a distant light through a Pullman screen 
or through the covering of your um- 
brella, notice the patchwork of light and 
shadow that constitutes the “diffraction 
pattern,” which is all the image of the 
source of light you will be able to see 
under the circumstances. The actual 
outline of the light is almost entirely de- 
stroyed by the confusion of the multiple 
images produced by the “diffraction” 
(bending around) of the light waves. 
This phenomenon is an essential charac- 
teristic of all wave propagation, and a 
moving particle might be expected, on 
the above theory, to manifest soma sort 
of diffraction effect when very near 
obstacles of comparable sise. * 

Such an effect was, indeed, found to 
be present in the case of moving elec- 
trons, bT' Davisson and Germev* a diort 

• A vwy latoTMtiag eeooimt by Dr. >0. J, 
DivisMB wm be fotnd is the Sooirrtno 
IfonmbT for Jasoary, 108$, Also, by the 
eutw etttiiiort ♦*A*e Bleetrose Waveel" Voer. 
iMt., I08> 097. 1908. 


time ago. They showed that electrons 
impinging on nickel crystals were dif- 
fracted very much like X-rays. This looks 
like a most promising step in the direc- 
tion of the much-desired harmonisation 
of the outstanding conflict between the 
wave theory and the corpuscular theory 
of radiation, truly a “consummation de- 
voutly to ^ wished.” Unfortunately 
we are still confronted, at this stage at 
least, by a serious discrepancy existing 
between the two oases, i.e., between the 
diffraction of light and the diffraction of 
electrons. If light is corpuscular, then 
corpuscles, or “photons” as they are 
called, do not affect one another in their 
respective paths, as do electrons, since 
electrons in motion constitute electric 
currents and these do interact in the 
well-known manner. 

Before taking up the SchrSdinger 
theory let us review very briefly some of 
the elements of the Bohr theory of the 
atom, the very one that these later wave- 
mechanics theories are designed to sup- 
plant. It is essential that the reader have 
a clear notion of some of the features 
that any theory of the atom must be able 
to explain. One of the most important 
of these features is a “physical picture,” 
with its attendant mathematical formula- 
tion, that will yield correctly the wave- 
lengths or frequencies of the spectral 
lines of the elements.* According to the 
Bohr theory, the frequency of a partic- 
ular spectral line is given by 

-j— ' 

where E, and denote the eneVgy val- 
ues, respectively, that are associated with 
two orbits of an electron, such that radi- 
ation of frequency v is emitted when the 
electron falls from one orbit into the 
other. For definiteness let us thi nk of 
the hydrogen atom with its One electron. 
No emission occurs while the electron 

* It moat be eonlaaeed, however, that la recent 
Tears Ute Shydeel pSetare threads to become 
obiolete; not w qnteh became tiie theoriet ie 
more iacUned to Oispeiiae with it, as became 
saeh a jATsieBl model Is ofteh quite inpoasll^. 
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revolves in any one orbit, and we say, 
then, that the electron is in one of its 
stationary states. Moreover, Bohr as- 
sumed that only certain orbits were pos- 
sible for the electron, namely, those for 
which its angular momentum about the 
nucleus was equal to a whole number 


multiple 


Denoting the mass of 


the electron by m, its velocity by v and 
the radius of the circular orbit by r, 
this assumption states that 


nh 


2k ^ 


where n is always a whole number. 
That is to say, the orbits or station- 
ary states have been '^quantized.** Of 
course no one knew (or knows now) why 
these orbits should be so restricted, but 
the theory “worked’* and one is re- 
minded of the saying: “Nothing suc- 
ceeds like success.” However, the point 
to keep in mind is this matter of “quan- 
tization.” I might substitute the older 
term, used earlier in this article, and 
call it “atomization.” Nature seems to 
work that way,® and the theorist racks 
his brains for a more or less plausible 
theory to make the process seem nat- 
ural.” Some great mathematician, I be- 
lieve, once said something to the effect 
that nature had no regard for analytical 
difBculties. 

Now the Schrodinger theory proposes 
to educe this quantization from certain 
basic mathematical principles, thus dis- 
pensing with a special postulate toward 
the desired end, as in the case of Bohr. 
As Schrodinger himself states, “The es- 
sential thing is that this quantization no 
longer appears as a mysterious ‘Qanz- 
zahligkeitsf order ung’ (whole number re- 
quirement), but is carried a step further 
back, as it were, finding its basis in the 
finiteness and uniqueness of a certain 
space function. ’ ’ This sounds rather ab- 
stract and is intentionally so on SchrSd- 
«Th6 famous ''Natura non facit laltum" 
seems to have followed the horror vaeui” into 
desuetude. 


inger’s part, but certain analogies can be 
attempted for sake of a clearer compre- 
hension. The new theory is partly based 
on the same principles de Broglie em- 
ployed, and in his first paper on the 
subject Schrodinger gracefully acknowl- 
edges his indebtedness to the French 
physicist. 

It is impossible to give a physical pic- 
ture of the theory as a whole, principally 
because it is, in essence, mathematical, 
and much of the mathematics does not 
lend itself to physical representation by 
means of models. Like de Broglie, 
Schrodinger also associates a vibration 
with the electron but he develops this 
vibration into a standing wave instead 
of the moving or advancing wave of his 
predecessor. An illustration of stand- 
ing or stationary® waves is, fortunately, 
easily supplied. Consider the vibration 
of an ordinary violin string, for in- 
stance. When plucked or bowed, it as- 
sumes the familiar spindle-shaped form 
shown in Figure 2. Since all points 
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of the string move up and down in step 
(though not through the same distance) 
this form of wave-motion is described as 
stationary or standing waves. Again, 
when the violinist places his finger 
lightly on the middle of the string, 
the first overtone or harmonic is sounded, 
and the string appears as in Figure 8. 
The frequency is, of course, twice that 




rio. 8 

«Thi8 term is here not fynonyiiious with 
stationary” as used in ” stationary states.” 
The latter use of the word was no doubt sug- 
gested by its earlier appHoation to this type 
of wave-motion. Ae will be seen further on, 
these Btationsry waves do eonespond 4o itstioii- 
ary states in the Bchifidlnger theozy. 
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of Figure 2, i.e., the tone is an octave 
above the first one. Similarly we can 
have three segments, or loops, with three 
times the fundamental frequency, and 
so on. 

Now this picture is of special interest 
just here as it brings out clearly the fact 
that, in order to have a well-developed 
system of such standing waves, it is in- 
dispensable that the length of any of 
the equal segments be an aliquot part 
of the length of the string, or, in other 
words, only those frequencies are emitted 
which are whole number multiples of 
the fundamental frequency shown in 
Figure 2. Describing this state of af- 
fairs in modern terms, we say that the 
frequencies of the vibrating string have 
been ‘ * quantized. ' * Each of these modes 
of vibration, emitting its characteristic 
frequency, corresponds to the various 
orbits of the electron in the Bohr model 
of the hydrogen atom discussed above. 

Employing, for the sake of illustra- 
tion, such a vibrating string as an ex- 
tremely simple atom model, we should 
describe the situation as follows; No 
radiation is emitted while the atom is 
in one of its stationary states, i.e., in one 
of its states of a single characteristic 
vibration. But suppose two such charac- 
teristic vibrations to occur simultane- 
ously. In the language of acoustics, a 
beat frequency would result ; a radio fan 
would call it a heterodyne frequency. 
Now it is this beat frequency that con- 
stitutes the frequency of emission. 
Since the number of beats per second 
produced by two tones is equal to their 
frequency difference, it is obvious that 
this conception of Schrodinger is mathe- 
matically equivalent to the Bohr equation 
for emission. For we had, on page 113, 

El -E| 
v = — , 

or 

El E, 

the two ;^rins on the right corresponding 


to these simultaneous stationary states 
of vibration. Thus we have in the 
Schrodinger atom a coexistence of two 
states of vibration while the atom is 
radiating, while in the Bohr atom radia- 
tion takes place during a transition from 
one stationary state to another. Schrod- 
inger thinks of this coexistence as taking 
place while energy is being transferred 
from the one vibration to the other. 

Unfortunately, this simple picture is 
quite inadequate for the complete repre- 
sentation of a system which is even sim- 
pler in structure than a hydrogen atom. 
When we attempt to picture a hydrogen 
atom, the situation becomes still more 
complicated. The ‘‘waves'’ lose all re- 
ality. And yet, in the remarkable ex- 
periment of Davisson and Germer men- 
tioned above, the waves associated with 
a moving electron seemed real enough. 
We have indeed traveled a long way 
from our “billiard ball" atom of old! 

No discussion of the Schrodinger 
theory would be at all recognized as such 
without some mention of his famous sym- 
bol which, in one instance at least 
(I was told), had “broken" into the 
editorial page of a metropolitan news- 
paper. This symbol appears in many 
guises — I had almost said disguises. In 
the extremely simple case of the vibrat- 
ing string, discussed above, it may rep- 
resent simply the instantaneous displace- 
ment of the particles of the string from 
their position of equilibrium. But the 
atom is composed of electric constituents, 
and the so-called vibrations are not to be 
thought of as mechanical motion, but as 
electrical fluctuations of some sort. 
Considering only the hydrogen atom, 
Schrodinger found good agreement with 
experiment {e.g., measurements on the 
relative intensities of spectral lines) by 
putting the square of the amplitude of 
equal to the density of the electric 
charge, in this particular case the charge 
of the electron. But, mathematically, ^ 
has a value throughout space, hence the 
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electron must occupy all space! How- 
ever, calculation shows that practically 
the whole charge of an electron is con- 
centrated within a sphere of the order 
of 10“® centimeters diameter, which is, in 
fact, the atomic magnitude. Such an 
agreement can surely not be a mere acci- 
dent. It is the fluctuation of this elec- 
trical density which determines the char- 
acter of the emitted radiation corre- 
sponding to the interorbital jumps of 
the electron in the Bohr atom. On the 
other hand, a constant electrical density 
is unaccompanied by emission, being 
therefore a stationary state, just as the 
revolution of the electron in any one 
orbit constitutes a stationary state in 
the Bohr atom.^ 

But this simple picture must again be 
abandoned when more complicated sys- 
tems are considered and + becomes more 
and more a mathematical abstraction. 

7 The reader is cautioned that this varying 
electrical density is of a purely theoretical char- 
acter and not susceptible of direct measure- 
ment. 


There seems to be a tendency away from 
physical pictures. Our imaginary 
atomic machinery is necessarily sug- 
gested by our experience with large-scale 
objects and their relation, and it would 
be strange indeed, it seems to me, if such 
structures were found to be workable in 
all respects in an alien atomic world. 
The argument has even been advanced, 
notably by Heisenberg, that we should 
definitely renounce all attempts at such 
picturization, e.g., the position and or- 
bital velocities of electrons in the atom, 
since we can never hope to verify them 
by experiment. We should work only 
with those quantities that are directly 
observable, such as the frequency and 
intensity of spectral lines. Heisenberg ^s 
“quantum mechanics “ bears witness to 
the successful application of this prin- 
ciple. Yet there are still other ultra- 
modern rivals of the Schrodinger theory. 
One wonders if this period of almost 
feverish activity has its equal in the 
whole history of physics. 
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The living organism is unlike any 
mechanical contrivance in that it can re- 
produce itself. It is self-perpetuating. 

The essential reproductive cell is the 
egg. The egg may be regarded as a 
detached portion of a living organism, 
specialized for the purpose of reproduc- 
ing its kind and bearing the character- 
istic organization of the species to which 
the individual producing it belongs. 
This organization is inherent in the egg 
and is preserved through each genera- 
tion. We can say little regarding the 
precise nature of organization. We 
know, as Von Baer knew, that the 
embryo is not preformed in the egg, and 
we know, as he knew, that it does not 
come from an undifferentiated mass. 

The egg is a cell. Its cytoplasm is 
maternal in origin ; its nucleoplasm, 
when biparental development is con- 
cerned, has come from the father and 
the mother of the individual producing 
the egg. In many organisms it is pos- 
sible to trace the germ cells back to the 
cleavage stages of the egg. In the sea- 
urchins the earliest stages of eggs that 
have been observed are small cells in the 
wall of the sac-like ovary. These germ 
cells, potential ova, are ameboid in 
form. They contain a nucleus and 
homogeneous protoplasm. It seems 
probable that the living primordial 
germ cell is simply a bit of undifferenti- 
ated protoplasm, living substance, with 
its nucleus. At this stage nothing in 
the nature of formed components, in- 
clusions, may be seen within it. As the 
growth of the cell proceeds, substances 
are taken into it from surrounding cells 
and it increases in size, the increase in 

1 A lecture delivered before the Carnegie In- 
stitution of Washington, April 16, 1929. 


size being due in part to the increase 
in amount of living substance and in 
part to the formation and inclusion of 
nutritive materials, deutoplasm, stored 
for the needs of later development. 

One may distinguish between living 
substance ( protoplasm ) , included ma- 
terials (deutoplasm) and transitional 
stages between these two, each being the 
end product of a reversible reaction. 

The included substances are organic 
compounds formed as a result of inter- 
action between nucleus and cytoplasm. 
With the microscope one does not see 
the actual formation of these com- 
pounds. They become visible only after 
the aggregations have become big 
enough to be seen with the microscope; 
i.e., when they have reached a size above 
100 mp. If one makes use of the ultra 
microscope still smaller particles may 
be seen. Secondary colloidal particles 
are said to range in size from 5 to 100 
mp. Finer and finer subdivision be- 
yond the limits of any direct observa- 
tion is conceivable. 

Lyon found that by centrifuging sea- 
urchin eggs it was possible to produce 
stratification of visibly different sub- 
stances. The work of Conklin, Morgan 
and others showed that centrifugaliza- 
tion did not modify the organization of 
the living substance. Formed com- 
ponents, inclusions, were moved through 
the living substance without destroying 
its integrity, without changing its or- 
ganization. 

What do we know of the organization 
of the egg t 

In the sea-urchin egg a micropyle 
may be demonstrated. This is at the 
^'animal” pole of the egg. It is at this 
point that the polar bodies are always 
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formed. The “ vegetal* ' pole ia the op- 
posite pole of the egg. The principal 
axis of the egg may be regarded as ex- 
tending through the egg from pole to 
pole. 

The egg has polarity. The anterior 
end of the larva always coincides with 
the animal pole of the egg; the micro- 
meres, and in turn the mesenchyme 
cells, are always formed at the vegetal 
pole. The egg seems to carry as an in- 
herent quality the polarity of the or- 
ganism from which it came. Boveri and 
Driesch referred polarity to the polari- 
zation of the ultimate structural parti- 
cles of which the ooplasm is built. 

Polarity is basic. It is the funda- 
mental feature of organization. His- 
torically, with the establishment of 
polarity the major axis of the embryo 
is determined. What is the next step! 
Does it lie in the separation of organ- 
forming materials or is there some more 
general and fundamental feature of 
organization Y 

It is commonly assumed that the sea- 
urchin egg is radially symmetrical 
around the egg axis. Is this a factf 
When is bilaterality established Y Is it 
induced from the outside or does it exist 
in the unfertilized eggY What deter- 
mines the bilaterality of the partheno- 
genetic larva Y 

It is conceivable that symmetry is a 
fundamental attribute of organized ma- 
terial, secondary only to polarity, and 
that the establishment of minor axes in- 
cident to bilaterality is the first step in 
the cytoplasmic differentiation of the 
larva, taking precedence historically 
over the processes of differentiation of 
organ-forming materials. 

Thus far we have made rather general 
statements. Their significance will be- 
come more apparent when they are 
specifically applied to material on which 
investigations have been made. 

Boveri found that in the eggs of the 
sed-urchin Paracentrotus scattered pig- 
ment became concentrated, during ma- 


turation, in a ring-like zone lying in the 
vegetative half of the egg and stand- 
ing at right angles to the axis of the 
egg. He concluded that the three zones 
made evident in the ripe egg by the pig- 
ment ring correspond to the three prim- 
itive organs of the larva; the vegeta- 
tive, unpigmented cap furnishing the 
primary mesenchyme and therefore the 
larval skeleton, the pigmented zone con- 
taining the material for the digestive 
tract, and the unpigmented animal half 
of the egg providing the material for 
the ectoderm and its differentiations. 
His results led to the generally accepted 
inference that a similar zone exists in 
the eggs of other sea-urchins, although 
it is not made visible by the localization 
of pigment, and that this zone separates 
the animal half, containing potential 
ectoderm, from a vegetative cap of 
micromere-forming material. 

This segregation of materials in the 
unfertilized egg and the fact that the 
materials thus segregated were sepa- 
rated from each other during the first 
four cleavages of the fertilized egg 
seemed to constitute a demonstration of 
epigenetic development prior to fertili- 
zation. 

Early in the course of an investigation 
on eggs of the sea-urchin Lyi echinus at 
the Tortugas Laboratory, work done in 
collaboration with Dr. C. V. Taylor and 
Dr. D. M. Whitaker, a report of which 
has recently been published by the Car- 
negie Institution, it was found that in 
the Lytechinus egg there is no complete- 
ness of separation of pc^tential germ 
layers prior to fertilization. The work 
involved the cutting of the eggs with 
glass or quartz needles, under the micro- 
scope, into two fragments, each of which 
was subsequently fertilized. The eggs 
were carefully oriented and the cuts 
made either in a plane at right angles 
to the principal axis of the egg, in a 
plane parallel to it or in a plane inter- 
secting the principal axis obliquely. 
The eggs were cut accurately, cleanly, 
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in any desired plane, and into fragments 
of any desired relative size. 

The two fragments, one containing 
the egg nucleus, one without a nucleus, 
were then washed, placed in small 
dishes and fertilized. It is evident, 
therefore, that after fertilization th^ 
nucleated fragment will contain a fused 
egg and sperm nucleus, and that the 
non-nucleated fragment will contain 
only the sperm nucleus. Both frag- 
ments are capable of development. Both 
were watched continuously under the 
microscope during their significant pe- 
riod of development. 

It is obvious that if there has been a 
complete segregation of organ-forming 
substances in the unfertilized egg, a 
fragment containing only material from 
the animal half of the egg should be 
able to form no digestive tract and no 
skeleton (the larval skeleton being 
formed by the mesenchyme cells, which 
in turn are derived from the mi- 
cromeres) ; and that a fragment of the 
vegetal half containing only potential 
endoderm and mesenchyme should be 
without ectoderm enough for a body 
covering. Similarly, if all the potential 
mesenchyme has been segregated in the 
region of the vegetal pole, the large frag- 
ment remaining after the removal of the 
vegetal polar region should give a larva 
in which no mesenchyme and therefore 
no skeleton would be formed. 

Further, if there has been a complete 
segregation of organ-forming substances 
in the unfertilized egg and this material 
has a radially symmetrical arrangement 
around the axis of the egg, section 
through the poles along the axis should 
give two fragments that would form the 
same number of micromeres on each 
piece ; four on each, if each cleaved as a 
whole egg; two on each, if each cleaved 
as a half egg. If the cleavage of the 
fragments were that of proportionate 
parts of the whole, the numl^r of mi- 
eromeres on each piece should vary with 
the degree of inclination of the plane of 
section to the axis of the egg. 


The results of the experiments proved 
conclusively that neither size of frag- 
ment nor the region of the surface in- 
volved is of influence on the formation 
of primary mesenchyme. A fragment 
of about one twentieth the volume of 
the entire egg, taken from near the ani- 
mal pole, the region farthest from that 
in which the localized micromere-form- 
ing substance may be supposed to lie, 
may give rise to a normal blastula with 
mesenchyme. The discovery of the fact 
that the formation of primary mesen- 
chyme is not dependent on the formation 
of micromeres is merely incidental. 
Fragments that during their cleavage 
give rise to no micromeres, or to one or 
to two or to three or to four, may all 
give rise to larvae with mesenchyme. 
The important result of the experiments 
is the proof that prior to fertilization 
there has not been a complete segrega- 
tion of either mesenchyme-forming or 
endoderm-forming substance and that 
a mesenchyme-endoderm-forming sub- 
stance has a uniform distribution 
throughout about nineteen twentieths of 
the egg. The animal polar cap seems to 
contain only ectoderm-forming material. 

The results do not cast doubt in any 
way on the belief that the material from 
which the mesenchyme is formed is 
ordinarily cut off in micromeres at the 
fourth cleavage. They do show that, 
after the removal of the region normally 
giving rise to micromeres, the cyto- 
plasmic tradition may be carried on, 
and out of its undifferentiated store new 
micromeres developed to replace the 
material lost. What is of more impor- 
tance is the fact that even though no 
micromeres are formed, mesenchyme 
cells may be produced, and a perfect 
larva formed. As a matter of fact, 
there is nothing new in this conclusion. 
Driesch and Zoja both came to the same 
result thirty years ago, Zoja^s prac- 
tically forgotten observation is of espe- 
cial significance for the reason that the 
micromeres of the cleaving egg were re- 
moved with a needle from the sixteen- 
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cell stage, all four being isolated in such 
a way that there was no doubt of the 
observation. The remaining macromeres 
and mesomeres produced a perfect 
pluteus. 

The statements made thus far indicate 
the totipotency or equipotentiality of 
different parts of the egg. In order that 
we should form no incorrect conclusions 
it is desirable that we should note that a 
certain volume of material is necessary 
for complete development. 

Fragments of 

1/75 to 1/50 the volume of the egg did not ac- 
cept fertilization; 

1/50 to 1/35 became fertilized, but did not 
cleave regularly; 

1/31 to 1/24 cleaved regularly; 

1/21 to 1/17 became blastulae with mesen- 
chyme; 

1/11 to 1/10 became gastrulae, and 
1/4.4= (5/22) became normal plutei 

In other words, no fragments smaller 
than one fourth the volume of the egg 
reached the characteristic sea-urchin 
larval stage. 

We may now go further and make 
specific application of our general state- 
ments concerning polarity and sym- 
metry to other results of the series of 
experiments. 

Very early in the work it became 
evident that in most of our fragments 
the first two planes of cleavage were at 
right angles to the plane of section and 
that the micromeres were formed on the 
surface of section at the intersection of 
these two planes. The place at which 
the micromeres appear becomes the 
posterior end of the blastula. It is 
therefore evident that in some of the 
fragments there has been a change in 
polarity. Following horizontal section 
there is no change in polarity in the 
animal fragment. In the vegetal frag- 
ment it has been reversed, shifted 
through 180° ; in the fragments obtained 
by vertical section it has been shifted 
through 90°. A new axis has been 
established. No explanation of this 
phenomenon has been reached. 


Concerning symmetry. In large ani- 
mal fragments obtained by diagonal sec- 
tion the asymmetrical cleavage of the 
fragment suggests the persistence of an 
established plane of symmetry. The 
statement that the results suggest, but 
do not demonstrate, a bilaterally sym- 
metrical organization of the egg is de- 
liberately conservative. It is known 
that the eggs of many forms are bilater- 
ally symmetrical. For the sea-urchin 
egg, however, the idea that symmetry is 
determined at the time of entrance of 
the spermatozoon has been generally ac- 
cepted. That this may not be the full 
truth is suggested by the observations 
mentioned above and by the fact that 
sea-urchin eggs activated by reagents 
causing parthenogenesis also give rise 
to bilaterally symmetrical larvae. 

Concerning the organization of the 
egg of the sea-urchin Lyteckinus it may 
be said that the evidence shows that 
the egg has polarity and that the ani- 
mal polar cap contains only poten- 
tial ectoderm. The evidence suggests 
strongly a bilaterally symmetrical rather 
than a radially symmetrical organiza- 
tion. It also shows that such funda- 
mental characters as polarity and sym- 
metry may be established epigenetically 
in egg fragments. 

The egg is a living cell in which one 
of the characteristic attributes of living 
cells, division, has been suspended. It 
has, so to speak, been withdrawn from 
an active existence. It remains in a 
state of inactivity until it is activated, 
in the normal course of events, by the 
entrance of a spermatozoon. The re- 
sults of the entrance of the spermatozoon 
are two— the activation of the egg to 
development and the modification of 
the course of development in such a way 
that biparental inheritance becomes 
evident. The successful development of 
the Boux-Nageli-Weismann theory of 
the idioplasm has been possible because 
of the visibility of the phenomena of 
mitotic cell division. The intensive 
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study of the nucleus has been possible. 
No one has consciously lost sight of the 
fact that in the activities of living sub- 
stance we are dealing with nuclear 
enzymes and a cytoplasmic substrate. 
Each is necessary to the other. The 
nucleus can not act unless it has some- 
thing on which to act. The cytoplasm 
can not develop unless it is acted upon. 

Conklin, in 1915, stated his conclusion 
that ‘^the egg cytoplasm fixes the general 
type of development and the sperm and 
egg nuclei supply only the details.^’ 

A little later Loeb in ‘‘The Organism 
as a Whole ’ ’ wrote, 

The moat important fact which we gather 
from these data is that the cytoplasm of the 
unfertilized egg may be considered as the 
embryo in the rough and that the nucleus has 
apparently nothing to do with this predetermi- 
nation. Tills must raise the question whether 
it might not be possible that the cytoplasm of 
the egg is the carrier of the genus or even 
species heredity while the Mendelian heredity 
which is determined by the nucleus adds only 
the finer details to the rough block. 

In 1912 at Montego Bay in Jamaica I 
had the opportunity of studying the de- 
velopment of the sea-urchin Cidaris, In 
its early development this primitive sea- 
urchin is unlike any other echinoid that 
has been studied. The manner of forma- 
tion of its mesenchyme resembles that 
described by Seeliger for the crinoid 
Antedon rather than that which we as- 
sociate with the echinoids. The forma- 
tion of mesenchyme occurs after gas- 
trulation has begun, the mesenchyme 
cells arising from the inner end of the 
archenteron. 

For a study of the early effects of 
hybridization this egg offered all the 
advantages of the crinoid egg. Two 
cross fertilizations were made, one with 
Lytechinus, the other with Tripneustes, 
both re^lar echinoids that form their 
mesenchyme early, i.e., in the stage of 
the blastula. In both crosses the 
mesenchyme cells arose from the sides 
and around the base of the archenteron, 


close to the point of union of the archen- 
teron with the wall of the gastrula. In 
point of time the appearance of the 
mesenchyme seemed slightly hastened, 
although not enough to warrant a gen- 
eral conclusion to that effect. 

This result gave earlier visible evi- 
dence of the influence of the spermato- 
zoon in the production of paternal char- 
acters than had previously been ob- 
tained. The reason for this lay wholly 
in the natiire of the material. Material 
belonging to two visibly different sys- 
tems of development was used. 

Development of the hybrids proceeded 
regularly as long as it followed the gen- 
eral path of development taken by most 
echinoids. At the point of divergence 
of special from general, abnormalities 
appeared. An orderly series of develop- 
mental reactions had been disorganized 
by the introduction of foreign nuclear 
material. In 1923 in my report on this 
work I stated in conclusion, 

The normal development of the Cidaris egg ia 
of a lees specialized type than that of the eggs 
of the species whose sperms were used in the 
cross-activations. As long as the two courses of 
development lie parallel, we say that develop* 
ment is normal. When the point of divergence 
between the two paths is reached, characters ap- 
pear which we caU aberrant. Differentiation 
lies in a series of reactions between nucleus 
and cytoplasm. In attempting to superimpose 
a specialized on a non-specialized type of de- 
velopment we fail, because of our lack of ability 
to harmonize two disharmonious systems of de- 
velopment. 

The consideration of this material emphasizes 
again the fact that the thing inherited by off- 
spring from parent is the capacity for develop- 
ment. What that development will be depends 
on the interactions between nucleus and cyto- 
plasm and on adjustment to the environment. 
The cytoplasm is the material that is shaped 
during the series of reactions. It is because of 
the fact that the cytoplasm of the egg is the 
material basis of the body that Conklin 's state- 
ment that the egg cytoplasm fixes the general 
type of development” is true. 

A few moments ago, in describing the 
appearance of the egg, I said, “One ma7 
distinguish between living substance 
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( proto plajBm), included materials (deu- 
toplasm) and transitional stages be- 
tween these two, each being the end pro- 
duct of a reversible reaction.*' This is 
a bold statement and demands proof. 

It has not been possible to treat living 
material in a manner similar to that in 
which an organic chemist may treat 
crudes. The nature of living material 
seems to render that impossible. The 
determination of the chemical nature of 
the formed components, inclusions, in 
the egg should not be an impossibility. 
During the past three years with the 
help of two collaborators, my colleagues 
Dr. M. S. Gardiner and Dr. D. E. Smith, 
as well as that of both graduate and ad- 
vanced undergraduate students, I have 
been attempting to reach a rational in- 
terpretation of the nature of the bodies 
that may be seen included in the cyto- 
plasm of various cells. 

The research had its foundation in 
evidence of the effect of foreign nuclear 
material on the cytoplasm of cross-fer- 
tilized eggs. Its first development was 
along the lines of an effort to determine 
the way in which yolk is transformed to 
living substance. Its status at present is 
that of a microchemical and biochemical 
study of biological material. 

The study divides itself naturally into 
three parts: first, the study of the tis- 
sues; second, the chemical analysis of 
the tissues, and third, the study of the 
substances separated from the tissues, 
the latter part of the work being 
checked, so far as possible, by a similar 
study of purified commercial products. 

Having done these three things, the 
opportunity for the comparison of the 
stained tissues with the stained sepa- 
rated substances is open. 

The plan would be simple and direct 
if it were not for two facts. In the 
first place, similarity of staining reac- 
tion does not necessarily indicate iden- 
tity of substance. Most of the dyes used 
as biological stains are ''indicators” 
only in a limited sense. In the second 


place, there is no means of demonstrat- 
ing that the substances obtained from 
the tissues are those that were in the 
tissues when the necessary manipula- 
tions were begun. 

Eggs and ovaries of the sea-urchin 
Echinometra have been studied with 
vital dyes and have been preserved 
(fixed) with reagents designed to pre- 
serve included substances. This ma- 
terial has then been sectioned and 
stained with the dyes that are of use in 
the demonstration of formed compo- 
nents in the cytoplasm. The use of sea- 
urchin material is merely incidental. 
The use of this particular sea-urchin 
was determined because of the abun- 
dance and unusual staining capacity of 
its inclusions. 

Material from the same source was 
preserved and extracted in strong alco- 
hol, analyzed chemically and studied 
further. Nothing has been washed out 
and thrown away. Thus far the work 
has dealt with the fats and to a limited 
extent with the carbohydrates. Noth- 
ing has been done with the proteid con- 
tent. The ether-soluble portion of the 
original alcoholic extract has been sepa- 
rated into its fractions. At each stage 
of separation these fractions have been 
studied with vital dyes and have also 
been made into emulsions which have 
been fixed, stained and studied as though 
they were animal or plant tissue, or 
have been floated as films on the fixi ng 
fluid and subsequently stained and 
studied. 

A single example will be sufficient as 
an illustration. One of the formed com- 
ponents of the cell is the Golgi body, 
composed of a substance that reduces 
metallic salts, the metal (silver, osmium, 
etc.) being deposited in the Golgi body. 
The Golgi substance may be seen in the 
form of blackened droplets or rods, in 
the form of a vacuole whose rim is either 
completely or interruptedly blackened, 
or in the form of a vacuole containing a 
deeply blackened net 
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Upon treating the young germ cell, 
before the accumulation of inclusions 
has begun, with osmic acid, no blacken- 
ing effect will be observed. Upon treat- 
ing a similar, but older, cell with this 
reagent, a diffuse blackening may be 
seen. In an older oocyte fine blackened 
granules may be demonstrated; later, 
characteristic blackened batonettes, and 
finally the Golgi body with its blackened 
network will be evident. 

Similar observations may be made 
with the aid of certain vital dyes; Nile 
blue sulphate, for example, gives especi- 
ally significant results. It stains pure 
neutral fat red and fatty acids blue. 
During the past few weeks its use has 
given us very significant results in the 
study of amphibian blood corpuscles and 
in cells of tissue cultures. 

The same type of observation on the 
extracted fats, both with vital stains and 
following the use of fixatives containing 
osmic acid, has been made. 

Step by step the fractions in which 
the blackening by osmic acid is not per- 
sistent were eliminated down to the 
residue containing neutral fats, choles- 
terol and fatty acids. The neutral fats 
are blackened by osmic acid, but osmi- 
cated neutral fat is readily soluble in 
turpentine, while the osmicated Golgi 
substance is resistant to solution in tur- 
pentine. One fraction after another was 
eliminated as not being the cause of the 
persistent blackening. The cholesterol 
was eliminated. 

Finally within the last few weeks, 
after the study of the saturated fatty 
acids, the unsaturated fatty acids have 
been studied. These blacken almost in- 
stantaneously with osmic acid. They 
resist extraction or solution in turpen- 
tine. With them every stage of Golgi 
body that has been demonstrated in fixed 
tissue can be duplicated. 

These are facts that have great signifi- 
cance when applied to any cell in which 
a process of storage or of secretion is 


taking place. (The Golgi body is char- 
acteristic of such cells.) 

The growing oocyte is not an isolated, 
independent cell. It is part of the body 
whether attached to the ovarian wall or 
floating in coelomic liquid. Materials for 
its growth are supplied to it from the 
surrounding medium. 

The point to be made will be clearer 
if we digress for a moment and consider 
the processes of digestion and absorption 
of fats in the body. During digestion, 
hydrolysis of fats into glycerine and 
fatty acids occurs. These are absorbed 
separately and recombined in the cells 
of the villi of the intestine to form fat, 
the ester or salt of fatty acid and glycer- 
ine. The histological evidence just pre- 
sented to you indicates that the same 
process is taking place in the growing 
oocyte. 

We know that the particles actively 
concerned in the vital processes of the 
cell are of a size beyond the limits of 
observation with the microscope. Prod- 
ucts of their activity become visible 
only when the granules of product come 
above this horizon. 

The whole picture of accumulation of 
osmic blackened substances in the grow- 
ing egg is that of synthesis of fats. The 
diffuse cloud, the formation of fine 
granules, of chains of granules and 
finally of larger droplets are the visible 
expression of one series of vital proc- 
esses, processes that may be correlated 
by direct observation, with the interac- 
tion of nucleus and cytoplasm. 

The same type of evidence that has 
been given for the Golgi substance may 
be given for the phospholipins, whose 
visible expression is in the chondriosomes 
or mitochondria. Both Golgi substance 
and chondriosomes may be looked upon 
as transitional between inert and living 
substance. 

These are facts. The method em- 
ployed ill their demonstration has been 
direct. There seems to be one logical 
conclusion. 



THE NEW FERTILIZERS 

By Dr. W. S. LANDIS 


The Origin or Agriculture 

True civilization began with the dis- 
covery that when certain varieties of 
seed, known to possess food value, were 
sown upon upturned soil, they repro- 
duced themselves multifold. Such a 
food supply, and of considerable re- 
liance, required a more or less fixed 
abode and gave opportunity for thought 
and study which are the basis of our 
civilization. 

Throughout the Stone Age man was a 
hunter and savage, gaining his food 
solely from the chase. These first truly 
human beings hunted the wild grass- 
lands in packs, the men and women 
sharing alike in the pursuit and its prod- 
ucts. The cares of maternity at times 
caused the women to drop out of the 
hunting party for short intervals, later 
rejoining it again and with their off- 
spring if the latter survived. By degrees 
more and more attention was paid to the 
raising of the young, and the detach- 
ment from the hunting party was for 
longer intervals. The women established 
at least temporary homes to which the 
hunters would return at intervals with 
their catch. 

This development in turn restricted 
the active hunting area, and with in- 
crease of population of the crude settle- 
ment, due in part to proportionately 
greater survival of the young, game 
naturally became scarcer and the chase 
sterner. The women gave more and 
more time to the household and the chil- 
dren, and the chase called for more and 
more skill and endurance. The female 
eventually dropped entirely out of the 
chase and left food supply to the male. 

Were the chase only moderately suc- 
cessful, or the male kept away too long, 
the generally scanty stores of food would 


be exhausted and the women and chil- 
dren face starvation. Thus necessity 
probably drove the women to supple- 
ment their meat diet with nuts and ber- 
ries, and, finally, in extreme desperation, 
with seeds and roots collected near the 
habitation. Our first vegetarians were 
undoubtedly the women and children. 

Such periods of great stress must 
finally have forced the eating of edible 
seeds of the wild grasses and the primi- 
tive grains on the male. His meat diet 
probably persisted longer than with the 
female. It is possible that climatic 
changes were responsible for some of the 
great rainfall and of subnormal tem- 
peratures. 

A further stage of development and 
at a much later date, characterized by 
the domestication of animals, furnished 
a more assured meat supply, but appar- 
ently did not alter appreciably the 
earlier acquired vegetarian habits. These 
pastoral peoples, following their fiocks 
to the fresh pasturages, moved but 
slowly. The wild grasses and primitive 
grains still furnished a portion of the 
food supply. Coincident with this pas- 
toral development, but not necessarily 
parallel, we find our first evidence of 
agronomy. There are reasons for be- 
lieving that agronomy was practiced 
before animal husbandry in Mesopo- 
tamia, but the reverse is indicated in 
other centers of early development of 
the human race. 

We can only theorize as to the actual 
beginnings of grain growing. Settle- 
ments of some permanence must have 
been customary, for a very considerable 
part of the year is required for the 
reproduction of a seed of the t3rp€ of the 
wild grains, as emmer, wild rye, millet^ 
etc. It is not unlikely that an accidental 
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spillage of seeds being carried into 'the 
more permanent home showed the way. 
More plausible is the explanation that 
the wives decorated the graves of their 
deceased husbands with food and flow- 
erS) and seeds among the food-stuffs 
dropping on the newly upturned soil 
covering the grave sprouted and grew 
luxuriously. Bearing out this latter 
theory is the practice repeatedly discov- 
ered in various parts of the world of 
finding the early grain patches around 
graves. Later a corpse was always 
buried in the grain field, usually in a 
corner. If such corpse was not con- 
veniently at hand at seeding time, a vic- 
tim was sacrificed for the purpose. With 
the progress of civilization an animal 
carcass was found to be quite as effica- 
cious, and the ritual of animal sacrifice 
at planting time persisted for a long, 
long time. 

Exact dates can not, of course, be 
established for such beginnings. It has 
been established with reasonable exacti- 
tude that grain was grown in Egypt 
before 4000 B. C., and in Mesopotamia 
still earlier, certainly before 6000 B. C. 

The place that the woman played in 
this development has been recognized 
from the earliest times. We need but 
turn to our mythology for a long list of 
goddesses of agriculture, of the harvest, 
etc. ; from Asia Minor, Agdistes, Cybele 
and Dindymene j from Egypt, Nysa and 
Isis; from Greece, Rhea and Demeter; 
from Rome, Flora, Ceres, Ops. There 
were no males so commemorated. 

Fertilizers xnd Manures 

It seems a long stretch of the imagina- 
tion to look upon the early planting nn 
and around the graves as a primitive 
attempt at improvement of yield through 
plant feeding, yet the practice of human 
and animal sacrifice may have had be- 
hind it such a basis. 

To-day it is the most common knowl- 
edge that seeds reproduce themselves 


when planted in cultivated soil. We 
learn quite early in life that the plant 
draws food from the soil, and the soil 
soon becomes exhausted if such food 
elements are not replaced. Around this 
has grown our practice of manuring or 
fertilization. Let us for a moment get 
a clear understanding of these terms. 
The word manure is the older. It 
once had a much wider significance than 
it possesses to-day. Originally it meant 
‘‘to work by hand,’' and much later 
acquired the more restricted meaning of 
‘ ‘ a material or process for the betterment 
of the soil. ’ ’ It was not until the seven- 
teenth or eighteenth century that fur- 
ther limitation of meaning took place, 
and its use became generally restricted 
to materials used in such betterment of 
soils. At first even in its most narrow 
of the above senses it included chalk, 
gypsum and lime as well as what we now 
call “farmyard manures.” We now 
apply it to this last-named material 
alone. 

The term ” fertilizer” is of compara- 
tively recent origin. In general it is 
applied to materials which were pre- 
sumed to feed the plant directly, in con- 
tradistinction to the “manure” which 
only indirectly fed it. Nitrates, am- 
monia salts, phosphates and potash salts 
were believed to be better classed under 
this newer term “fertilizer.” But the 
end of such reclassification is not yet in 
sight, for within the past year the manu- 
facturers of the common chemical or 
commercial fertilizers have objected to 
the use of the term “fertilizer” for their 
products and are advocating instead 
“plant foods.” 

On the subject of agronomy, which 
includes that branch of agriculture de- 
voted to the growing of the crops and 
in particular grains, fruits and vege- 
tables, we still have a great deal to learn 
of the fundamental and underlying facts 
of plant feeding. We know that seeds 
when planted upon certain types of soils 
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will under favorable climatic conditions 
reproduce themselves many fold. We 
also know that when this same operation 
is repeated a number of times on the 
same plot of ground the successive yields 
become less and less and finally seem to 
reach a certain fairly definitely fixed 
minimum of return. We can improve 
the return by using better seeds and 
there has been marked progress made in 
seed development. By rotation of crops, 
that is, the successive planting of seeds 
of different families, the decrease of pro- 
ductivity can be halted to a marked 
extent. By the use of addition agents 
to the soil crop yields can be maintained 
or even improved. Knowledge of the use 
of such addition agents goes back proba- 
bly to the very early days of agriculture. 
The use of animal excrements dates 
before the dawn of recorded history. 
The earliest writings of the Romans men- 
tion the value of dung, of which Virgil 
sang. Varro and Columella, the earliest 
agricultural writers, mentioned not only 
the use of farm manure, but of marl, 
and spoke of the effect of green manure 
upon the succeeding wheat crop. 

There seems to have been a gap left 
in the literature of fertilization during 
the Dark Ages, and it was not until the 
Renaissance that writings upon agricul- 
ture became common. There was no 
mystery in the use of farmyard manure, 
marl, lime and ashes for promoting crop 
growth. Just when the Indians of New 
England learned to place the fish in the 
corn hill is not recorded. Undoubtedly 
all these early fertilizers and manures 
were accidental discoveries. 

The first real scientific basis of our 
modern practice dates back to the great 
chemist Liebig, approximately ninety 
years ago. Liebig probably originated 
very little, but he reduced the great 
mass of experience of his predecessors 
to an exact quantitative basis. His care- 
ful analysis of the constitution of the 
growing plant, showing that 95 per cent. 


of the dry matter of the plant was 
derived from the atmosphere and only 
2 or 3 per cent, was drawn from the 
mineral constituents of the soil, threw 
an entirely new light upon plant feed- 
ing. His early work was followed im- 
mediately by comprehensive experimen- 
tal work, the most noted of the early 
beginnings being that of Sir Joseph 
Bennett Lawes, who began systematic 
experiments on the family estate at 
Rothamsted, which estate is now our 
most celebrated agricultural experiment 
station. 

What we now consider as most typical 
of our fertilizer materials did not, how- 
ever, originate with Liebig. As early as 
1653 English publications showed the 
value of rags, wool, bones, horn and 
wood ashes. A few years later blood, 
hair, feathers, hoofs, skin, fish, malt 
were added. Twenty-five years later the 
value of niter or saltpeter as a fertilizer 
material was recorded. Fifty years 
later soot and wood ashes, oil cake and 
grain dust were added to the list. It 
was during the nineteenth century and 
probably contemporaneous with Liebig’s 
work that the greatest developments took 
place. Chile nitrate and Peruvian guano 
were imported into Europe for agricul- 
tural purposes. Practically at the same 
time, 1842, the first superphosphate 
patents were taken out, and a year or 
two later superphosphates began to ap- 
pear on the market. The potash salts 
were added to the list in 1860 with the 
opening up of the Stassfurt beds. At 
about the time that nitrate first came 
into the European market, sulphate of 
ammonia also appeared in quantity and 
was tried in agriculture. 

Liebig’s analytical work confirmed the 
presence of nitrogen, phosphate and 
potash in appreciable quantity in the 
living plant. The early fertilizers and 
in fact most of those compounded even 
to-day base their princip^ value upon 
these three ingredients. Our knowledge, 
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however, of the constitution of the plant 
shows that it contains practically every 
known element, some, it is true, in ex- 
tremely minute quantity. The soil itself 
is an extremely complex material. Most 
of the elements found in the plant are 
derived from it, for the living plant 
draws little besides carbon and nitrogen 
from the atmosphere and very little of 
the latter directly. 

Plant Foods and Plant Stimulants 

It is probably unwise to take the broad 
view-point that a fertilizer is any mate- 
rial which is added to the soil to increase 
plant growth and crop yield. Such 
definition is too comprehensive. An in- 
crease of yield may be due to one or 
more of several factors. Growth may 
be promoted by feeding, in which case 
our fertilizer should contain the neces- 
sary elements which, when absorbed by 
the plant, promote growth. Nitrogen, 
potash, phosphate, manganese, zinc, va- 
nadium, titanium and a host of other 
elements would come under this class. 

We recognize that bacterial action 
plays an important part in rendering 
soil constituents available for absorption 
and conversion by the plant. Bacteria 
are rather particular about the kind and 
conditions of their surroundings. If we 
can promote the development of bacteria 
which in turn converts our soil constitu- 
ents into more available food, we usually 
obtain response in growth. We may, 
therefore, add to the soil conditioners 
such as lime, and bacterial foods such as 
manures and organic matter which pro- 
mote the development of these colonies 
of valuable assistants. Such materials 
would not necessarily come under the 
class of plant foods but rather as con- 
ditioning agents or bacterial foods. 

Of recent years we recognize still a 
third method of increasing plant growth, 
which we class as seed stimulation. We 
sere not so clear as to the function of 
this group of materials, but apparently 


they act in much the same way as the 
tonic which the physician gives us when 
we are not quite up to par. In general 
the seed itself is treated with these 
reagents, resulting in a quicker sprout- 
ing and more elaborate development of 
root structure and a material increase 
in growth and yield. Here again we 
have crop improvement without the 
addition of a plant food or soil-condi- 
tioning agent. It is more a stimulating 
effect forcing the sprout to develop an 
abnormal root structure capable of pick- 
ing up from the soil a correspondingly 
increased quantity of latent plant food. 
In view of the complexity of these three 
very widely different phenomena I am 
inclined toward the present tendency to 
drop the word ‘‘fertilizer'' as applied to 
our commercial product containing ni- 
trogen, potash and phosphate and use 
instead the more descriptive term “plant 
food." 

Present-day Plant Foods 
The practice of preparing and using 
artificial fertilizers differs in various 
parts of the world, just as general agri- 
cultural practice differs. In some locali- 
ties the individual materials which the 
farmer had determined most suitable to 
his needs are purchased and applied 
singly to the soil. This practice received 
its highest development in Europe and 
persisted up to recently, at present 
showing a tendency to a change to the 
practice of using a compounded or mixed 
fertilizer. In the United States our 
practice has been the reverse and the 
plant foods have been assembled and 
mixed at a centralized factory, and one 
application is made of the composite 
material. Even here there has Wn a 
tendency to buy the ingredients and 
assemble them on the farm, but it is 
probable that we will see a return to the 
older practice with the advent of the 
newer fe^ilizers. The choice is largely 
a question of availability which in most 
cases means eoat of labor. 
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Liebig *8 work demonstrated that nitro- 
gen, phosphorus and potassium were the 
most important constituents of the plant 
structure that of necessity had to be 
supplied to the ordinary soil to maintain 
the crop yield. Soda, lime and silica, 
while important constituents, are pres- 
ent in sufficient quantity in the usual 
soil to present no problem of exhaustion. 
In view of the very wide variation of 
cultivated soils throughout the world it 
must be remembered that there are 
always some exceptions to any such gen- 
eral statement. Upon this foundation 
our fertilizer practice arose. Such 
materials as nitrate of soda and sulphate 
of ammonia, being available in quantity, 
formed the nitrogenous portion ; mineral 
phosphates found in various parts of the 
world by suitable chemical treatment 
could be rendered soluble, and the proc- 
essing of these materials took care of 
the phosphorus requirements; the dis- 
covery of the potash salts in Germany 
and later in Prance, Poland and Spain 
formed the basis of the potash constitu- 
ent. In addition there have been vast 
quantities of otherwise wasted products, 
such as refuse from the slaughter house, 
oil cakes and meals from the oil fac- 
tories, hair, wool and leather scrap from 
various sources, all of which contain 
valuable plant foods in more or lesa 
available form or if unavailable can be 
simply processed to make them accept- 
able fertilizer materials. In the case of 
certain slaughter-house products and oil 
meal cakes, these products which years 
ago found their only outlet in the fer- 
tilizer industry have now found applica- 
tion as stock foods, and vast quantities 
have been diverted from the fertilizer 
to the feeding industry. 

The fertilizer industry has in conse- 
quence come to depend more and more 
upon chemical products for its raw 
materials. The natural nitrate of soda 
and the by-product sulphate of ammonia, 
to which have been added of more recent 


years various synthetic nitrogen chem- 
ical products, such as cyanamid, nitrate 
of lime, urea and ammonium phosphates, 
now form the bulk of our nitrogenous 
ingredient. There is little chance of 
return to the waste organics, and with 
better education of our farmers the little 
still used will further decrease. 

The phosphate industry still relies 
largely upon the natural deposits of 
phosphate rock for its raw material; 
processed with sulphuric acid this has 
appeared upon the world markets as 
superphosphate. Processed with phos- 
phoric acid a more concentrated form of 
soluble phosphate has been produced, 
but up to the present the quantity of the 
latter used is only a small fraction of 
the former. Within quite recent years 
the raw phosphate rock has been used 
for the production of phosphoric acid 
either by chemical or electrothermal 
processes, and this phosphoric acid has 
been treated with ammonia or potash to 
form the corresponding phosphate salt. 

There has been little or no change in 
the potash industry which since its in- 
ception has turned out various grades of 
chloride of potash or sulphate of potash. 

The American Mixed Fertilizer 

Here in America, where labor costs 
are high and extensive farming is prac- 
ticed, it has been customary to supply 
to the farmer the three important plant 
foods in a compounded or mixed form. 
The processing may be simple or com- 
plex, depending upon the raw materials 
used in the preparation of these fertil- 
izers. In its simplest form it consists 
of a mere mechanical mixing of various 
purchased ingredients to meet a definite 
formula. In its more complex form less 
available nitrogenous materials undergo 
a chemical processing, usually in the 
presence of phosphate rock, forming 
a semi-manufactured material. This in 
turn is mechanically mixed with other 
raw materials to form the complete fer-r 
tilizer. 
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These American mixed fertilizers con- 
tained as little as 10 per cent, of the 
plant foods, ammonia, phosphoric an- 
hydride and potassium oxide, which are 
the chemical names for the more com- 
mon designations, ammonia, phosphoric 
acid and potash. Most of such low- 
grade products have been legislated out 
of existence within recent years and very 
few fertilizers that appear on the Ameri- 
can market contain less than 12 per cent, 
of the plant foods, ammonia, phosphoric 
acid and potash. The tendency to-day 
is to produce materials running from 14 
to 16 per cent, of these ingredients in 
the bulk of the fertilizers turned out. 

Quite recently there has appeared on 
the market the so-called double strength 
or double formula fertilizers containing 
from 20 to 30 per cent, of plant foods. 

This American practice of mixing the 
important plant foods together in a fac- 
tory and selling the resultant mixture to 
the farmer had long been frowned upon 
by the European agriculturist. The 
basis of his criticism was that this system 
was forcing the farmer to purchase 
materials which he really might not re- 
quire, and that a better principle was to 
I analyze the soil, determining the lacking 
plant foods, and then supply only such 
deficiencies. No objection can be taken 
to the theory behind such a procedure, 
but in practice it did not always work 
out successfully. The taking of accurate 
soil samples is a complicated procedure. 
The analysis is long and tedious. The 
interpretation of results is very difficult. 
A high-pressure salesman falling upon 
the farmer at purchase time forced the 
sale of his single ingredient, and for one 
of several reasons the farmer usually 
bought a most unbalanced fertilizer. 
Now the plant is not able to substitute 
to an unlimited extent one plant food 
for another. If a surplus of nitrogen is 
present a plant thrives only to the extent 
of the most deficient of the other impor- 
tant foods, as, for example, phosphate or 


potash. It avails very little to supply 
large quantities of nitrogen without ade- 
quate amounts of phosphate and potash. 
At the close of the war there were in 
existence in Europe enormous factories 
built during the war for the supply of 
nitrogen for munitions. At the close of 
the war these plants turned to the pro- 
duction of fertilizer nitrogen salts and 
forced their product upon the home mar- 
kets with the result that there was only 
a temporary increase in food production, 
and crop yields gradually dropped off in 
spite of the continued enormous con- 
sumption of nitrogen. A comprehensive 
study of the situation showed the trouble 
to lie largely in deficiency of one or 
more of the other plant foods, and a 
complete change of manufacturing pro- 
gram was embarked upon with the object 
of producing a complete fertilizer con- 
taining the three plant foods balanced 
at least to the extent of insuring a fair 
crop yield. In other words Europe to- 
day is adopting at least in principle the 
old established American practice of fur- 
nishing the farmer a mixture of three 
important plant foods in proportions to 
insure at least fair crop returns. 

The New Fertilizers 
As mentioned above the fertilizer in- 
dustry, more particularly in this coun- 
try, developed first around a practice of 
using a great mass of waste materials. 
Most of such materials are of compara- 
tively low analysis, and when they con- 
tained any quantity of nitrogen, such as 
the better grades of cotton-seed meal, 
animal tankage, fish scrap and the like, 
they found their way into the feeding 
industry, leaving only the lowest grades 
for fertilizer. As a result of this use of 
very low grade, or more properly speak- 
ing low analysis materials, the mixed 
fertilizer produced contained a compara- 
tively small amount of plant food. 
Twenty years ago we began to extract 
nitrogen from the atmosphere and con- 
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vert it into chemical products and to-day 
more of such so-called synthetic nitrogen 
is produced than comes from the by- 
product coke-oven and the nitrate fields 
of Chile. Most of the synthetic nitro- 
genous compounds produced are of com- 
paratively high analysis. The processes 
of production themselves are rather fiex- 
ible, enabling one to obtain the chemi- 
cally combined nitrogen in several 
concentrated forms. There is a widely 
diversified field into which the primary 
products of these fixation processes can 
be diverted. It has, therefore, appeared 
logical to maintain the concentrated 
characteristics of these new synthetic 
compounds and with them to 'produce 
much more concentrated fertilizer. As 
a consequence there are on the markets 
to-day complete fertilizers containing 40 
per cent, and upwards of the three plant 
foods. The whole fertilizer world is 
actively engaged in research along these 
lines, and we may expect in the future 
to find still further new combinations 
lending themselves to the production of 
these concentrated or high analysis 
products. In general these materials are 
of the types of ammonium nitrate, am- 
monium phosphate, potassium phos- 
phate, potassium nitrate and like com- 
binations. The underlying principle is 
to eliminate so far as possible the non- 
plant food ingredients. 

Distribution Problems 
The distribution of fertilizer is quite a 
problem. The various products formerly 
used came from widely different sources. 
They were assembled in mixing plants, 
bagged, tagged and guaranteed as to 
content and then transported to the 
farm centers. Further transport to the 
farms was then required and finally dis- 
tribution in the fields. The costs of as- 
sembling, bagging and transportation to 
the farm centers in many cases equaled 
the wholesale value of the plant foods 
contained, so that the practice was not 


particularly economical in the case of 
the low-grade materials. The actual 
costs of field distribution alone formed a 
very appreciable item where the mate- 
rial contained only 10 or 15 per cent, of 
plant foods. With the advent of the 
higher grade materials analyzing three 
or four times as concentrated as the 
older types these distribution costs could 
be cut materially. From the economical 
standpoint there is, therefore, a marked 
advantage in increasing concentration 
of the fertilizers. 

The older fertilizers made up very 
largely of a slightly soluble phosphate 
mixed with the insoluble organic nitro- 
genous materials and with only a modest 
quantity of soluble salts offered no great 
problem in field application. The mini- 
mum of care and the use of the crudest 
equipment enabled the farmer to 
avoid damage or bum. The new high 
analysis fertilizers, however, are essen- 
tially water-soluble materials. Their 
application, if injury to the growing 
plant is to be prevented, requires more 
care and in particular a more thorough 
incorporation with the soil before or 
during seeding. They must be located 
more carefully with respect to the seed. 
The economical quantities used are 
much smaller than with the low analy- 
sis materials, and require equipment 
capable of fine adjustment. None of 
these problems, however, is insurmount- 
able, and my staff has planted hundreds 
of plots over the past three years with 
fertilizers containing as much as 60 per 
cent, of plant food and all in water- 
soluble form, using the better standard 
grades of available farm equipment 
without diflSculty or damage. 

There is still another phase of the new 
fertilizer situation which is now com- 
manding our best attention. I men* 
tioned earlier the fact that careful analy- 
sis of the plant showed it to contain a 
very wide variety of elements, and it is 
believed that most of these play a vital 
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part in the growing plant. In the old 
days most of the waste products used 
were of plant or animal origin and con- 
tained many of these essential elements. 
Phosphate rock itself is a most complex 
material and in the process of manufac- 
turing superphosphate the whole of the 
rock appeared in the superphosphate, so 
that fertilizers compounded of these 
materials contained most of these vital 
elements even though in extremely 
minute quantity. Many of the newer 
fertilizers are crystallized products, that 
is, chemical products crystallized from 
solution and in the process of crystal- 
lization purified or freed from contami- 
nating elements. The disappearance of 
the organic wastes from our fertilizer 
materials leaves out another source of 
supply of some of these rarer elements. 
In consequence the agronomist is now 
faced with a new problem and must be 
on the eternal lookout for elemental 
deficiencies of more or less unsuspected 
nature. I have in mind the case of the 
Florida soil which refused to produce 
tomatoes until a small quantity of man- 
ganese was added. I also have in mind 
two other cases where zinc in one and 
titanium in the other were necessary to 
successful agriculture. I believe, there- 
fore, that we are opening up a new field 
of investigation of the influences of new 
elements, which influence has not been 
felt on account of the older fertilizer 
practice, but which may show up in a 
substantial manner in the case of some 
of the new fertilizers such as are being 
produced in Europe. It is a subject to 
which some of us are paying the closest 
attention. 


Summary 

Summing up, the future fertilizers 
will be much more concentrated in the 
three common plant foods than even past 
history would lead one to suppose. The 
older organics of animal or vegetable 
origin will disappear to still greater 
extent and will be replaced by newer 
synthetic salts mostly of inorganic 
nature. There is no particular advan- 
tage from the agricultural standpoint 
in these organics and the newer products 
will produce equally good or better 
results. Education of the farmer in the 
use of the newer synthetic products will 
decrease the demand for the organics to 
that point where they sell at an equally 
competitive price. 

There will be a material change in the 
character of the inorganic fertilizer 
materials, and those showing tendency to 
deflocculate soils, others showing ten- 
dency to leave harmful residues in the 
soil and those of inferior physical char- 
acteristics will disappear and be re- 
placed by greatly improved combina- 
tions. Many new elements will be added 
to the list of essential plant foods. 
Process limitations existent to-day will 
disappear in so far as they eliminate 
essential plant foods, and the science of 
compounding will be greatly elaborated 
as we require better knowledge of plant 
requirements and soil deficiencies. 

The dream of the concentrated syn- 
thetic foods of the human race will be 
realized first indirectly through supply- 
ing a similar material to the soil and 
letting nature carry on an intermediate 
transformation. 
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‘‘As civilization advances poetry 
necessarily declines.” Leaving aside the 
literary significance of that statement, it 
must be admitted that when poetry was 
the sole expression of man in relation 
to his surroundings he was untutored, 
unlearned and uncivilized. As he ad- 
vanced, when he came to know more 
about his place in the scheme of things, 
in a word, as he became more civilized, 
he found other and more exact means 
of expressing his relation to the world 
of nature. This refinement of expression 
is synonymous with scientific progress. 
Science then means a better and more 
exact knowledge of the world we meet 
with day by day. Mankind is no longer 
at the mercy of nature. Nature is now 
a servant, not a master. 

Man’s advance in civilization is thus 
to be measured in terms of the nicety of 
adjustment to his environment, or to put 
it otherwise, his efficiency in meeting his 
environment is the measure of his civili- 
zation, and the records of this advance 
are to be found in the annals of science. 
This increased efficiency can only come 
about by man’s knowing more about the 
world in which he lives, no matter 
whether it be the so-called outer world 
of nature, his fellowman or even him- 
self. Progress in civilization or towards 
civilization, if we admit such a thing, 
depending on efficiency and this effi- 
ciency depending on knowledge, the con- 
clusion is that civilization depends on 
knowledge. However, it is a mere plati- 
tude to say that progress depends upon 
knowledge. When we speak of knowl- 
edge in this context we mean scientific 
knowledge, the sort of knowledge which 
consists of facts grouped in what are 


known as scientific laws which are exact 
statements of facts, not general hearsay 
or opinion, or knowledge in the vague 
sense, but exact, detailed and careful 
knowledge. These laws can be used for 
our advantage or disadvantage, and 
upon our wise use of them depends our 
progress. 

The desire to be master of his environ- 
ment led man to become a scientist and 
the beginning lay in magic. Doubtless 
this depended then, as it does now, on 
certain innate tendencies called instincts, 
and the two which probably play the 
greater part are curiosity and pugnacity. 
As long as myth, superstition and poetry 
were found sufficient and satisfactory, 
just BO long was man at the mercy of 
his environment. All this changed as 
his curiosity and pugnacity bore fruit. 
At first, this inquiry was confined to the 
outer world, and thus one of the oldest 
sciences is physics, but the success there 
and the impetus thus gained has led sci- 
ence into all fields with the same pro- 
ductive and beneficial results to man 
and his problems of living. Much to the 
surprise, and contrary to the a priori 
speculation of some, including Kant, we 
have to-day a science of mental life 
which in general employs the same 
methods as the other and older sciences. 
The step of psychology has been very 
rapid because it found method and in- 
strument ready to use and was thus 
relieved of much of the pioneer work 
which fell to the lot of the others, not 
the least of which was the overcoming 
of prejudices. 

Simple as the statement may appear 
that science enables man efficiently and 
competently to meet his environment and 
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thns make progress as a civilized being, 
yet it has some profound and far-reach- 
ing consequences. It means, first of all, 
that we are, as yet, only at the begin- 
nings of science, and it means, too, that 
in the struggle for existence, which 
struggle is unending, the individual or 
nation or race which knows most about 
the conditions to be met and the way to 
meet them, in other words, the one with 
the best scientific equipment, is the one 
which will survive. That inexorable law 
of selection still holds, but in a very 
intricate, refined and subtle way. Igno- 
rance spells non-adaptability, failure, de- 
feat and submergence. In yet another 
sense, it signifies that the ‘days of the 
gentleman scholar, the amateur scientist, 
the man of general culture, are num- 
bered, because the equipment which 
these individuals represent is insufficient 
and therefore inefficient even at the 
present time and will be increasingly so 
in the future. It signifies, further, that 
the periods to come in world history 
will be periods of specialized thinking, 
which may mean, in a way, the sacrifice 
of the individual. Yet it is only by such 
rigid scientific procedure in all the af- 
fairs of life that a people can become 
and remain efficient and cultured. A 
nation whose educational system is 
founded upon merely individual attain- 
ment, where each one thinks he knows 
something of everything and not much 
of anything, is doomed in a modem and 
ultra-modern environment. We must 
stand for corporate and national effi- 
ciency, and to do this well and thor- 
oughly we require an intricate and ac- 
curate knowledge of our world which 
only scientific specialists can give. 
Hence we must have specialists in chem- 
istry, physics, physiology, biology and 
in all the various aspects of life. 

Some, of course, will see in such a 
thorough application of science to the 
affairs of life a merely utilitarian atti- 
tude, as if that were the deepest curse 


which could be uttered. For those who 
have a wider outlook and greater vision, 
who see life in its deeper parts, who see 
truth and beauty in aU things, the word 
utilitarian has no such connotation. 
Mill did not use the word in this bad 
sense, and if his critics have been so 
narrow-minded as to do so, then the 
odium rests with them. The word 
should mean, and does mean, any truth 
which will help us to live and live better. 
It means the best in order to survive, 
and that means eflSciency of reaction in 
the widest and best sense. In fact, the 
terms utilitarian, efficient, good and true 
are not very far asunder when looked 
at from the point of view of service to 
humanity. What other test have we for 
our ideals T Name it, reduce it to its 
lowest terms, and you have efficiency. 
It is the capacity of doing the right 
thing at the right time, and doing it 
well. 

There are those, too, who think that 
science and culture are opposed, who are 
convinced that all culture and humanity 
are contained in the writings of Greece 
and Rome, or in works based on them. 
Such people fail to see that the scientific 
position not only includes the so-called 
classical, but is its foundation. With- 
out science and philosophy (for phi- 
losophy is the mother of science) the 
world would be without many of the 
classics. When we read our Democritus 
or Plato or Aristotle we are reading the 
scientific speculations of their age. This 
goes by the name of culture with those 
who refuse to extend the same courtesy 
to the speculations and researches of 
modern science. Future ages will do as 
we do with the past — they will read our 
science and philosophy and the classi- 
cists of the day will call it culture. How- 
ever, this is only one way of looking at 
the question. It is to be further re- 
marked that with some of this mode of 
thought, culture is a much-abused word 
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for a rough smattering of scientific and 
literary information on many things, 
and a real, useful knowledge of few, if 
any. These people are accustomed to 
pride themselves on their breadth of 
view and their wide outlook, but it is a 
breadth based upon superficiality. Noth- 
ing is more deceptive than such a posi- 
tion. No man is really so narrow as the 
man thus beguiled and lulled into the 
belief that he is of some value. It is the 
specialist who has the broad outlook, the 
deep insight into nature, who can give a 
reason for his open mind and who has 
knowledge and fact to support his point 
of view. (Even archeological research 
is becoming more and more dependent 
upon science in the narrow meaning of 
the term science.) From this type we 
are belabored about the futility of scien- 
tific research. This criticism is not new, 
for the modern dilettante in culture 
copies it from the Greek poets whom 
Plato anathematised. One of their fa- 
vorite witticisms is to compare such re- 
search (here they are again not original) 
to the waste of energy, as they think, in 
estimating the height of a fiea jump. 
The answer to an attempt to laugh at 
science is to say that the point has been 
miteed, for modern scientific work is in- 
finitely more detailed and complicated 
than a fiea or his jump. It is just this 
exact sort of thinking that has raised 
man to where he is, and has made of him 
the controller instead of being the con- 
trolled. No race or nation which relies 
upon amateur scholarship, which looks 
down on the methodical searcher in the 
‘^mud'* of facts, by his results upsetting 
many a fond tradition; no race which 
stands for general scholarship to the 
exclusion of special scholarship, can hope 
to win in the struggle for survival either 
intellectually or politically. It does not 
require much wisdom to draw the con- 
clusion that political supremacy will be 
a consequence of intellectual supremacy. 
Past supremacy was due to mere phys- 
ical force, but future supremacy will de- 


pend upon brain force. Our existence 
then depends upon our education. This 
increased predominance of intellect will 
hold true, no matter whether it is applied 
to the manufacture of explosives or to 
preparing an argument for the League 
of Nations. There was a bygone age 
when the rough and ready could win, 
when one man could know enough of all 
matters to be expert in them all; but 
that is past, and it is for us to realize 
this, that we may equip ourselves the 
more adequately for the conditions 
which we now face. 

II 

We have spoken of efficiency in gen- 
eral and the part that in general edu- 
cation should play, but the principle is 
not different when we come to discuss 
the particular case, when we speak of 
educational methods, when we inquire 
into the relation between teacher and 
pupil, as to how much the teacher or 
educationalist should know about the 
mind of the child, about economy in 
school-work, the means to get the best 
work with the least expenditure of time 
and energy. AU of this is vitally impor- 
tant because the foundation of a na- 
tion’s greatness lies in her schools — es- 
pecially the primary schools. Thus it is 
right and our moral duty to make sure 
that the best and proper methods are 
used. As scientists we should insist 
at the very outset that common-sense 
methods, custom, tradition, speculation, 
superstition, mysticism and theory 
should give way to scientific method. 

Now all the various sciences deal with 
some aspect of experience. Physics 
treats of one aspect, chemistry of an- 
other, psychology of another, and so on. 
They differ more as regards point of 
view than anything else. More particu- 
larly, physics in the large deals with 
what is usuaUy and perhaps erroneously 
called the outer world, while psychology 
deals with what is usually and perhaps 
erroneously called the inner world or 
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mental life or the world of personal ex- 
perienoe. This distinction is not an ab- 
solute one, for every experience of the 
outer world is at the same time an inner 
experience. The same fact may, there- 
fore, be a subject of investigation for 
both physicist and psychologist. Psy- 
chology, then, is a study of experience 
from a particular angle or point of view. 

There was a time when psychology, 
or what was then called psychology, 
speculated about mental life, but to-day 
the psychologist is coming to rely more 
and ever more upon experiment, or con- 
trolled observation. What is not tlie re- 
sult of experiment is to be considered 
as in the doubtful class or category. It 
is now by experiment that we study sen- 
sation, perception, memory, association, 
emotion, feeling, volition. According to 
experiment we study differences between 
individuals of the same group, or differ- 
ent groups, compare the adult with the 
child and find out significant differences 
which should be an aid in educational 
method. By experiment, we ascertain 
how children differ with regard to the 
various mental processes and in intelli- 
gence. We find, for example, that those 
who learn quickly learn best, that the 
child has not the same capacity of form- 
ing abstract ideas as the adult — which 
should persuade us to leave science and 
mathematics and perhaps some aspects 
of history till the university age. We 
find that children have a good memory 
for isolated impressions, such as words, 
which would indicate that language 
shouid be studied in the early years. 
We are also impressed by the fact that 
English composition can be taught just 
as well by writing about the history or 
geography of a place as by paraphrasing 
sonie idiotic story. In this way much 
time that is wasted might be utilized to 
good advantage. The same holds g<wd 
iriHi regard to the teaching of English 
gtgmmar, which is best taught by not 
hsilig taught at all. The failure of 
modem methods is here very apparent. 


By simple tests we can separate defec- 
tive, retarded, normal and bright chil- 
dren, and thus provide a better oppor- 
tunity to each class. Extensive studies 
have also been made on reading and 
writing which should be available to 
every qualified teacher. By experiment 
then we are potentially able to note the 
whole progress of mental life until it 
attains maturity, and we can even com- 
pare it with the animal mind in the same 
way. All of this can be done with ex- 
actitude, for the psychologist has at his 
disposal both instruments and methods. 
In short, we can find out the facts of 
mental life in place of speculating as to 
what they are or ought to be in the 
light of some preconceived theory or 
speculation. 

This latter tendency has come to us 
through philosophy and has produced 
something of a misunderstanding and 
thus accounts for some lack of progress. 
In this case psychology is identified with 
philosophy. The philosopher is con- 
sidered a psychologist. This has been 
productive of much confusion in edu- 
cational procedure and method. Some 
of this might have been true a century 
ago, but not to-day, and it is becoming 
more apparent that those who continue 
to think so are behindhand in their 
thinking. To-day, psychology is one of 
the experimental sciences, while phi- 
losophy is not. The two studies re- 
quire different method, different type 
of mind and different preparation. 
Psychology, like any other science, is 
an intensive study of a small part 
of experience, while philosophy is an 
outlook on the whole. Psychology is 
an application of the experimental 
method to mental life; philosophy is 
anything but that. Quite true is it that 
psychology was once a branch of phi- 
losophy, but so were the other sciences, 
and now psychology bears the same rela- 
tion to the parent as do the others. The 
facts and laws ascertained or formulated 
will have the same value for philosophy 
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as those of the sister sciences, but such 
value will needs be estimated by the phi- 
losopher himself. 

The result of this comparison between 
science and philosophy was, and is, that 
exactness, certainty, uniformity in the 
good sense, were at a discount. In place 
of this, the application of scientific ex- 
actness to educational method means that 
in place of speculation, tradition, custom, 
common sense and chance we shall pos- 
sess certainty, progress and efficiency, 
for in proportion as we utilize the facts 
and laws as revealed by psychological re- 
search just in proportion will we be on 
safe and secure grounds. The mind, 
both of the adult and the child, must be 
investigated from the point of view of 
education, and we must be wary about 
taking the results of general psychology. 
In other words, we require an applied 
psychology just as we have an applied 
physics. 

In some antiquated nooks one hears 
some murmurs about the return to the 
old discipline and the old methods. The 
main argument advanced is that the new 
ways are failures. True, mistakes have 
been made, but mainly in attempting to 
graft new ways to old, to pour new wine 
into old bottles. It is to be frankly ad- 
mitted, in all fairness, that some of the 
so-called modern ways are just as flimsy 
and superficial as some of the old, by 
reason of the same speculative founda- 
tion. No one objects to the old discipline, 
and modern psychology upholds some of 
it, giving it a new and important mean- 
ing, but although we believe in disci- 
pline, we are not thereby committed to 
the crude old methods of obtaining that 
result. 

Now it is not for the teacher to accu- 
mulate all the psychological material 
available, nor is it the duty of the psy- 
chologist to make breakfast food for the 
teacher. The responsibility for this lies 
with the educationalist, for this is his 
business and proper function. It is also 
his duty to investigate particular and 


special problems or suggest them to the 
psychologist. With other words, the 
educationalist is the clearing-house be- 
tween the psychologist and the teacher, 
just as the engineer is the clearing- 
house between the physicist and the 
artisan. 

There is another side to this problem, 
albeit a vanishing one. Just as some will 
object to science as a whole, so there will 
be objections to the application of psy- 
chology to education, because of the de- 
lusion of materialism in some minds that 
it may mean doing away with aims and 
ideals and purposes, that it will detract 
from the glory and dignity of man, that 
education will lose its halo, its sublimity 
and its idealism. Let it be answered that 
science does not presume to set up ideals 
(they are the result of social contacts), 
but it does presume to provide us with 
the best methods of attaining our ideals, 
however formulated. Without science, 
ideals are merely potential ; with science, 
they become actual. 

The age of non-science is past. When 
our teachers, our educationalists and our 
university leaders come to realize that 
educational method must be placed upon 
a firmer and more secure basis than that 
afforded by mere speculation and com- 
mon sense, when they consider it their 
duty to investigate every problem con- 
nected with educational method by exact 
experimental methods, then we can say 
that the teacher, of whatever station, be- 
longs to a profession worthy of the best. 
Until then all our vaporings about ideals 
are vain and useless. Experimental 
pedagogy is the pathway to ideals in 
educational method — there is no other. 
Science is thus the true altruism and the 
true humanity, because it works as no 
other way. “Ever not quite most bo 
the slogan of educational as of any truth. 
Test all your customs, for their working 
value is the measure of their truth. Ex- 
periment performs this test more ao- 
curately and quickly than ohanoe obser- 
vation and experience. 
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When the tropics are mentioned, 
most persons, I feel sure, picture to 
themselves a tropical island with waving 
palms, a white beach of coral sand, and 
the blue sea beyond; or a wonderful 
tropical night, with the moon shining in 
a clear sky and the soft breath of the 
trade wind rustling the leaves. Poetry 
and romance seem inevitably to be asso- 
ciated with the tropics. Such idyllic 
spots do exist, it is true, but they form 
only a small portion of the tropical zone 
as a whole and are actually far less typi- 
cal than the vast grim deserts or the 
wide open spaces of the grasslands or 
the dark and gloomy forests. 

Within the tropics, under the equa- 
torial sun, and where there is abundance 
of moisture, animal and plant life reach 
their fullest development. Here are the 
lands which are most valuable to the 
white man because of the wealth of their 
tropical products. Here are the tropical 

spheres of influence’^ or ** colonies^' 
which are among his most coveted pos- 
sessions. It is in this belt that food is 
provided for man throughout the year 
without labor on his part, ; in which frost 
and drought need not be feared; where 
shelter and clothing are so easily se- 
cured, and often so unnecessary, that 
life becomes too easy. Nature does too 
much ; there is little left for man to do. 
The simplicity of life, so far as provid- 
ing food is concerned, has been empha- 
sized by many writers. We are told 
that two days* work a week is often 
enough to enable a man to support a 
family, and that a month's labor will 
provide for a Malay more food than he 

^ Based on a lecture given at the Lowell In- 
•titnttei Boston, hlaas., December 6, 1928. 


can use in a year. Captain Cook put the 
case very emphatically when he said 
that a South Sea Islander who plants 
ten bread-fruit trees does as much 
towards providing food for his family as 
does a man in northern Europe who 
works throughout the year. 

In a debilitating and enervating cli- 
mate, without the necessity of work or 
the incentive to work, the will to develop 
either the man who inhabits the tropics 
or the resources of the tropics is gen- 
erally lacking. Voluntary progress 
toward a higher civilization is not 
reasonably to be expected. The tropics 
must be developed under other auspices 
than their own. ** Where nature 
lavishes food and winks at the neglect 
of clothing and shelter, there ignorance, 
superstition, physical prowess and sex- 
ual passion have an equal chance with 
intelligence, foresight, thought and self- 
control." There is no superfluous 
energy for the higher things of life. 
Thus it has come about that the natives 
of the tropics have the general reputa- 
tion of being indolent and untrust- 
worthy ; of always being ready to put off 
until "to-morrow." Obviously, no such 
sweeping generalization is to be taken 
too literally, for the lower latitudes have 
produced men far from deficient in 
physical and intellectual power, and in 
those parts of the tropics where natural 
conditions are more severe, the natives 
are usually more industrious. But it is 
true that the energetic and enterprising 
races of the world have not developed 
under the easy conditions of life in the 
tropics. Edward Whymper's Swiss 
guide raid of the natives of Ecuador, "it 
would be good for tropical peoples to 
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have a winter.” Guyot put the caae in 
this way : 

A nature too rich, too prodi^ of her gifts, 
does not compel man to snatch from her his 
daily bread by his daily toil. A regular cli- 
mate, the absence of a dormant season, render 
forethought of little use to him. Nothing in- 
vites him to that struggle of intelligence 
against nature which raises the forces of man 
to so high a pitch, but which would seem here 
to be hopeless. Thus he never dreams of resist- 
ing this all-powerful physical nature; he is con- 
quered by her; he submits to the yoke, and 
becomes again the animal man — forgetful of his 
high moral destinatiom 

“What possible means are there of 
inducing the inhabitants of the tropics 
to undertake steady and continuous 
work, if local conditions are such that 
from the mere bounty of nature all the 
ambitions of the people can be gratified 
without any considerable amount of 
labor In these words, AUeyne Ire- 
land has well summed up the labor 
problem in the tropica. If the natives 
are, on the whole, disinclined to work of 
their own accord, then either slavery, 
which has long been repugnant to civ- 
ilized man, or imported labor, becomes 
inevitable if the tropics are to be devel- 
oped. With few exceptions, and those 
where the pressure of a large population 
necessitates labor, effective development 
has in the past been accomplished only 
where imported Chinese, Japanese or 
coolie labor under some form of contract 
has been employed. Negro slavery be- 
gan in the West Indies, under early 
Spanish rule, and its perpetuation was 
certainly in part aided by climatic con- 
trols. When slavery was abolished, 
large numbers of planters in English 
colonies were ruined. In Java, Holland 
succeeded by obliging the natives to 
work. 

With a large native class which is in- 
dolent, working intermittently for low 
wages, or which is bound under some 
form, of contract, it follows that the 
native or imported laboring classes are 


separated by a wide gulf from the up- 
per, employing class, which is usually 
essentially foreign and white. The lat- 
ter class tends to become despotic; the 
former, to become servile. Marked 
social inequalities thus result, accentu- 
ated by the fact that the foreign4)om 
white is usually debarred from hard 
labor in a hot tropical climate. White 
laborers are not likely to become domi- 
nant in the tropics for two reasons: 
first, because the climate is against 
them ; and, second, because the native is 
already there, and his labor is cheaper. 
White men are not doing the hard daily 
labor of India or of Java or of the 
Philippines or even of Hawaii. They 
are directing it. Except as organizers 
and overseers, they can not, so far as 
experience has shown, take part in the 
hard work of production and develop- 
ment. Physical labor for the great ma- 
jority of the white race has definite 
limits. * ^ The climatic environment makes 
it difficult for the body to keep cool, and 
as muscular activities increase the heat 
output, it is inevitable that such exer- 
cise should be avoided as much as possi- 
ble. “ It has been urged, and not with- 
out reason, that white residents in the 
tropics would do well to follow the 
natives’ example of moving slowly and 
of being lazy, but obviously habits of 
listlessness and of postponement till the 
morrow are not conducive to the ex- 
ploitation of the tropics, and it is for 
that purpose that the white race is there. 

I myself believe that the future must 
seek the solution of the problem mainly 
in the introduction of labor-saving 
machinery of all kinds, built for and 
adapted to tropical climates and tropical 
products and largely run by sldlled 
white mechanics and engineers. 

The government of European poeses- 
sions in the tropics has thus far been 
determined chiefly by three consider- 
tions: First, the general incapacity of 
the natives, through ignorance or la^ of 
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interest, to govern themselves properly; 
second, the fact that the white residents 
are generally comparatively few in 
number and are only temporarily in the 
country, to make money and then to go 
home again ; third, the marked class dis- 
tinction already referred to. These gen- 
eralizations must obviously not be 
carried too far. The white residents 
constitute a caste and naturally become 
the rulers, the home government retain- 
ing general control, often by force of 
arms. The native population, although 
largely in the majority, may have little 
or no voice in its own government. This 
is clearly not a democracy. It thus 
comes about that the tropics are gov- 
erned largely from the temperate zone; 
the standards and ideals come from an- 
other land. And where governed under 
their own auspices, as independent 
republics, the success has not as a rule 
been great. Buckle first strongly em- 
phasized the point that hot countries are 
conducive to despotism and cold coun- 
tries to freedom and independence, and 
the control of climate over the form of 
government was discussed by tjie late 
Lord Bryce in a short but highly signifi- 
cant article in the Century for March, 
1899. This article attracted very little 
attention at the time of its publication 
and seems hardly to have been referred 
to since then. Yet, at least to my own 
mind, no more noteworthy considera- 
tion has ever been given to this subject, 
and, coming from Lord Bryce, the 
opinions there expressed are naturally 
entitled to great weight. The article 
deals with ‘‘British Experience in the 
Oovemment of Colonies. There are 
three types of colonies, distinguished 
from one another by climate and also by 
race and form of government. These 
are named temperate, subtropical and 
tropical. In temperate colonies the 
people from the mother-land live and 
thrive ; do outdoor work ; bring up 
atrong and healthy children, and do not 


need a continued immigration of the 
home stock in order to maintain the race 
at its prime of physical and mental 
vigor. In the subtropical colony the 
colonizing race can not perform steady, 
hard labor, although it is able to live 
and maintain itself in health generation 
after generation. In the tropical colony 
Europeans, by reason of climatic limita- 
tions, can neither do outdoor labor nor 
keep their bodily and mental vigor. 
Children bom in such climates are 
usually weak and sickly. Exceptions to 
this general rule are found in the 
Hawaiian Islands, “so far favored by 
their oceanic position, “ as Lord Bryce 
put it, “as to be a healthful dwelling- 
place for Americans and Englishmen; 
and the same remark applies to parts of 
the high inland plateau of South Africa, 
situated north of the tropic of Capri- 
corn. “ 

European races have occupied the 
temperate colonies, as, e.p., North 
America, Australia, the cooler parts of 
South America; the bulk of the people 
are or will be European and have devel- 
oped or will develop European institu- 
tions and a European type of civiliza- 
tion. The population of the subtropical 
colonies is chiefly, or largely, non- 
European. The laboring class, which 
makes up the bulk of the population, 
belongs to a lower type of civilization; 
it is usually native to the soil, although 
in the case of the Chinese and the Japa- 
nese in the Hawaiian Islands, the Indian 
coolies in Natal, and the Negroes in 
Cuba, the labor was imported. There 
are thus two different classes, usually 
sharply separated. In the typical tropi- 
cal colonies, among which Lord Bryce 
placed central Africa, Madagascar, 
northern and eastern South America, 
British India, Java, Borneo and the 
Philippines, the race distinction is even 
more obvious. The Europeans or 
Americaiis are few, while the native or 
colored population is very large, and, 
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with certain exceptions, has a low type 
of civilization. The immigrant white 
population is relatively small; it is not 
acclimated; it is not there to stay. 

In the temperate colonies the institu- 
tions are similar to those at home be- 
cause the people are used to a civilized 
administration and to a constitutional 
form of government, and are capable of 
carrying them on. Canada and Aus- 
tralia are examples. The problems of 
government are inevitably very differ- 
ent in subtropical and tropical colonies. 
Here there is not one homogeneous race, 
imported from the mother-land, but 
there are two or more races. The native 
race, usually colored, is distinctly in the 
majority, and is in occupation of the 
agricultural and pastoral land. It is 
inevitable that the relations of the upper 
and the lower groups of the population 
should present many very complex and 
difficult problems, as, e.g., the adjust- 
ment of the social relations. A survey 
of the history of subtropical colonies in 
British South Africa and in Algeria, 
and of tropical colonies in India, the 
West Indies, Ceylon, Fiji, Tongking, 
Madagascar, the Congo region and East 
Africa, led Lord Bryce to the conclusion 
that *^it is . . . possible to have a 
species of representative self-govern- 
ment in [the] . . . subtropical terri- 
tories. True, it is not a government by 
the whole people, t.6., by the inhabitants 
generally. It is government by the 
European minority only, yet so far as 
this European part goes, and when 
viewed from the side of the mother- 
country, it is self-government.'^ 

In the case of the typical tropical 
colonies, if they are to have representa- 
tive government, that government must 
follow one of two methods. One would 
give the suffrage to all the natives, or at 
least to the upper class of natives. The 
second would restrict the suffrage to the 
white population. There are obvious 
objections to either method. Great 


Britain's experience with both methods^ 
in one form or another, was not encour- 
aging. Other systems of government, 
tried in various forms, are also consid- 
ered in Lord Bryce's article. “In all 
these colonies — and the same remark 
applies to India — the home methods of 
self-government have been rejected as 
unsuitable." A despotic government 
has been the one which, to quote from 
Lord Bryce, the English have been 
“obliged to apply to their tropical colo- 
nies" in which the white population is a 
relatively small, temporary and fluctuat- 
ing one, with the great mass of the 
people far too ignorant to carry on any 
representative form of government. 
‘ ‘ Only through despotic methods, ' ' Lord 
Bryce wrote, “could have been done for 
India what the English have done. . . . 
These things have been achieved by an 
efficiently organized civil service, in- 
spired by high traditions, kept apart 
from British party politics, and stand- 
ing quite outside the prejudices, jeal- 
ousies and superstitions which sway the 
native mind. ' ' 

The question of the government of 
tropical colonies or protectorates or 
mandates is one for the future rather 
than of the past. As Lord Bryce clearly 
showed, the character of the population 
determines the form of government, and 
is itself very largely determined by the 
climatic limitations on white settlement 
and acclimatization. The classification 
of colonies on a climatic basis is fully 
justified. Such a classification com- 
mends itself to the climatologist as logi- 
cal and simple, and it was suggested by 
one of the greatest authorities on gov- 
ernment. It is, therefore, doubly justi- 
fied. In looking into the future, one 
consideration may perhaps eventually 
have considerable importance, and that 
is the fact that the Mediterranean 
peoples on the whole become more 
readily acclimated in the hot, moist 
tropics than do those who come from the 
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higher latitudes. Also, the Latin 
peoples have far less prejudice against 
intermarriage with the native. 

The very Europeans who exercise the 
eontrolling power in the tropics them- 
selves tend to become enervated if they 
live there long; they lose many of the 
standards and ideals with which they 
started; they not uncommonly tend to 
fall towards the level of the natives 
rather than to raise the standards of the 
latter. The peculiar situation which 
may arise from the government of a 
tropical possession in which the white 
race does not become acclimated was 
-emphasized some years ago by Dr. Gold- 
win Smith in a discussion of British 
rule in India. British Empire in 
India, he said, ‘Ms in no danger of 
being brought to an end by a Russian 
invasion. It does not seem to be in 
much danger of being brought to an end 
by internal rebellion. Yet it must end. 
Such is the decree of nature. In that 
climate British children can not be 
reared. No race can forever hold and 
rule a land in which it can not rear its 
children.’* Or, as a recent English 
writer has put it : 

The natives, better suited to the conditions 
(of heat, light, disease, and the like), persist, 
«nd under the peace wo have brought, multiplj 
at a rate with which our own hampered immi- 
gration can not keep pace. Judging by the 
analogy of all history, our ultimate and certain 
fate in them is absorption or expulsion. A 
handful of aliens can not forever control mul- 
titudes to whom they teach their own arts. 
Even over South Africa, where natural condi- 
tions are least adverse, hangs the shadow of 
ultimate native predominance. 

It would seem as if the development 
of agriculture on a large scale in the 
tropics, in order to provide a future 
food supply, would be a very simple mat- 
ter. Here are immense areas with heat, 
humidity and deep soils; where frost is 
unknown; where high winds are very 
infrequent, and where it is always sum- 
mer. All the conditions seem to be 


favorable. But the real facts in the 
problem are very different. Tropical 
soils are far less fertile and far less 
available for agriculture than is gen- 
erally supposed. The warm heavy rains 
leach out the soil, carrying off many 
salts valuable as plant foods and leaving 
the land poor. Hence it becomes a com- 
mon practice for the tropical farmer in 
the forest clearings or at the edge of the 
forest to plant a new patch of ground 
every year or so. Clearing land in the 
dense forests of the equatorial belt is 
very difficult, even almost impossible, 
owing to the dense growth of vegetation 
and to the rapidity with which the trees 
come back onto the cleared spaces. If 
cleared, the heavy rains wash the soil 
down the slopes. Weeds grow with 
almost inconceivable vigor; harvesting 
is interfered with by the rains ; there are 
innumerable insect pests, blights and 
rusts; road construction is expensive 
and difficult; fevers of many kinds and 
other ailments are a serious handicap; 
the rains fall in such heavy showers 
that they are often damaging rather 
than helpful. 

The savannas offer more favorable 
opportunities for agriculture in the fact 
that they are open grasslands, and no 
forests need to be cut down, but their 
soils are usually poorer than those in the 
forests, and the dry season, while good 
for clearing, tilling and harvesting, is 
often so deficient in rainfall that wide- 
spread droughts prevail, crops fail and 
famine follows. There is no doubt that 
these savannas will, in time, be more 
thickly populated and more valuable 
than now, especially where irrigation 
can be practiced. Under the super- 
vision of white overseers, the natives 
will become better agriculturists and 
cattle-raisers. Some years ago, when, as 
a member of the Shaler Memorial Expe- 
dition, I spent part of a summer on the 
interior campos of southern Brazil — 
those vast stretches of grassland and of 
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scattered tree growth which make up so 
much of that country — the one question 
which was borne in upon me every hour 
of the day was this: What is to be the 
future of these vast savannas? To-day 
they are simply examples of colossal 
waste — waste of space; waste of soil; 
waste of rainfall ; waste of sunshine. 
Fire devastates them, far and wide. 
Coarse grass, not eaten by cattle, covers 
square mile after square mile. Only 
here and there, as yet, at long intervals, 
at some lonely hut, was there any at- 
tempt to make the soil produce anything 
except the natural grass; only occasion- 
ally did I see a small herd of cattle or 
horses; only at long distances apart are 
there towns. 

Yet these great campos certainly have 
a future. Nature has provided a climate 
better than that of much of the western 
United States. The high temperatures 
and abundant rainfall of the summer 
are followed by glorious bright, warm 
days and cool nights in the dry winter. 
There are drawbacks, of course. The 
dry season, the heavy thunderstorm, the 
hail, the frost, are to be reckoned with. 
But where the soil is ploughed and 
worked, it yields good grass for cattle 
and horses. Even now, thousands of 
cattle and horses could be pastured 
where all is still waste land. Where the 
attempt has been made, in the towns 
and around the huts, vegetables are to- 
day successfully raised. The problem is 
essentially one of time and labor and 
intelligent adaptation of crops to the 
climatic conditions. Cattle and sheep 
raising, and later farming, will come. 
Experiment stations must be established 
at various points. Wheat and cereals 
of different kinds can surely be found 
that will do well under the conditions of 
climate and soil which here exist. 

These campos are no more unpromis- 
ing than was, a few years ago, much of 
our own western country, where to-day 


are seen fields of wheat or of com or of 
alfalfa. The shriek of the locomotive, 
not yet heard over great districts which 
I crossed, has meant the beginning of 
the development of that country. A 
fanning and cattle-raising population 
will come in, as it come into our West. 
What is needed is a large infiux of 
sturdy peasants from the north of 
Europe, who will not be afraid of hard 
work; who will intelligently till the soil 
and care for their crops; who will ad- 
just their crops to their environment. 

In the future, with increasing ex- 
ploitation by the white race and under 
its control, and with growing demands 
on the part of the natives themselves, 
tropical industries are certain to de- 
velop. Such development has already 
taken place to a surprising extent, as in 
the mills and factories of India, for 
example. Great industries can be devel- 
oped in tropical countries, although 
they are and will be handicapped by the 
lack of steady and efficient workers. 
Here, again, the introduction of labor- 
saving machinery, to replace as many 
native workers as possible, will solve 
many of the present problems. Ma- 
chines do not feel the tropical heat. 
They do not need to become acclimated. 
They can be made to work steadily. 
And they require the supervision of 
relatively few skilled white machinists 
and operators. It is an interesting fact 
that both the United States and Euro- 
pean countries have invented and 
manufactured machines especially in- 
tended for harvesting and preparing for 
export the products of the tropics, such 
as machines for splitting coconuts; for 
preparing and extracting oil from the 
palm; for pulping, hulling and sorting 
the coffee bean, and so on. The future 
will witness the use, in large numbers, 
of cultivators and harvesters made in 
extra-tropical latitudes, and of indus- 
trial machinery of many kinds. 
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In the future, also, the white man will 
make life far more comfortable, and 
safer, in the tropics by building houses 
better suited to tropical climates ; by the 
wide-spread use of electrical cooling and 
ventilating devices ; by constructing 
buildings which will, so far as possible, 
resist the terrific force of the wind in the 
districts visited by tropical cyclones. 
Acclimatization of the white race in the 
tropics can not be accomplished by any 
of these methods. That individuals 
from colder climates may live in the 


tropics, some of them for years, without 
any serious impairment of health, is 
true. But the general consensus of ex- 
pert medical opinion to-day is that, for 
the white race as a whole, acclimatiza- 
tion is and always will be impossible. 
By acclimatization is here meant that, 
by and large, successive generations of 
white men, even if they are fortunate 
enough to escape all specific tropical dis- 
eases, can not live in the tropics without 
serious impairment of their physical and 
mental vigor. 
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A COMMITTEE on the preservation of 
natural conditions of the Ecological So- 
ciety of America with the assistance of 
numerous organizations and individuals 
prepared under the editorship of Victor 
E. Shelf ord and Forrest Shreve and a 
corps of associates and special editors a 
volume entitled “Naturalists’ Guide to 
the Americas.” It was printed at Balti- 
more in 1926 by the Williams and Wil- 
kins Company. It is illustrated by some 
sixteen figures, and the areas treated are 
provided with bibliographies. The vol- 
ume provides data about all the natural 
areas and regions of North America, 
including Central America, Panama and 
the West Indian islands. The natural 
history of northern South America is 
presented in about fifty-eight pages. 
The following South American states are 
described with the names of the collabo- 
rators: Colombia (Francis W. Pennell), 
Venezuela (H. Pittier and H. B. Baker), 
the Quianas (William Beebe and H. A. 
Gleason), Ecuador (Wilson Popenoe and 
H. E. Anthony), the Amazon Valley 
(Orland E. White). It will be noted, 
therefore, that Peru, Bolivia, Chile, 
Paraguay, Uruguay, Argentina and all 
Brazil approximately south of the tenth 
degree of north latitude have been omit- 
ted from consideration in the “Natural- 
ists’ Guide to the Americas.” The 
following notes have been assembled with 
the idea of presenting facts which the 
writer collected on botanical travel in 
central and southern Brazil, Argentina, 
Chile and Peru during the summer of 
1927. 

Means of Access: The Munson Line 
and Lamport and Holt Line of steam- 


ships furnish passenger service to the 
east coast of Brazil. The steamers of 
the Munson Line are comfortable and 
commodious ; they run directly from New 
York to Rio de Janeiro, and take two 
weeks to make the passage outside of the 
Bermuda Islands. Fairly good weather 
may be expected during the northern 
summer between New York and Cape 
San Roque, the easternmost point of 
Brazil. The same lines can be used on 
the return trip to New York. If the 
naturalist elects, he can return from 
Valparaiso in Chile by the Grace Line 
steamers, which stop to load freight and 
passengers at various ports in Chile and 
Peru, such as Antofagasta, Iquique, 
Arica (Chile), Mollendo, Callao (Lima), 
Salaverry, Talara (Peru). The route of 
the Grace Line steamers is through the 
Panama Canal, with stops at Balboa 
(Pacific side) and Cristobal (Atlantic 
side). It takes three weeks to make the 
trip from Valparaiso to New York. The 
Munson Line and Grace Line are oper- 
ated by Americans, while the Lamport 
and Holt Line is English. 

Hotel Accommodations: Modern hotels 
equal to the best in the larger cities of 
the United States are found in Rio de 
Janeiro, Sao Paulo, Buenos Aires and 
Valparaiso. The rooms, the service and 
the cuisine are excellent. If the natural- 
ist takes one of the larger cities as his 
center of operations he will find hotels 
less high priced than the best with fairly 
good accommodations, as he can at home 
by choosing the less expensive hostelries. 
In such inland towns as Campos do 
Jordao, Santa Maria and Uruguayans, 
Brazil, the hotels are fair. One excep* 
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AN ANT-INIIAHITKIJ TREK, CECROPIA ADEN OPUS 
In mountains hack ok Rio uk .Ianeiiio, HiiA/.ii., and aiiovk T’aineikah, Jiu.y IS, 1927. 



INTERIOR VIEW OF TBOPICAE RAIN FOREST 

Above Tijuca, Rio de .Ianeiko, Hrazil, July 20, 1927. 
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SAND DUNES 

Alokci coast environs of Bio de Janeiro, Brazil, with terrestkial bromeliad, 
J6chmea nudicaulis, July 16, 1J>27. 


tion was found at Mendoza in western 
Argentina where an exceptionally good 
hotel was found, the Hotel Plaza. 

Vegetation Worthy of Study: The 
mountains behind Kio de Janeiro within 
easy access of the city by electric trolley 
lines, by autobus and by railroad are 
covered from bottom to top yfith a trop- 
ical forest. If the time of the botanist 
is limited, the tropical rain forest may 
be reached by ascending the Corcovado, 
(710 meters, 2,329 feet) from which a 
magnificent view of the city, the ocean 
and the country is to be had. A good 
trail leads down to Paineiras, where 
there is a hotel and restaurant, 6r farther 
down the mountain to Silvestre, Thia 
trail leads directly through the tropical 
rain forest and is advantageous for tak- 
ing photographs or noting tlie general 
character of the vegetation, which would 
not be possible if one had to force his 
way through the dense growth. From 
Silvestre, the Estrada da Lagoinha can 
be followed to Sumare and ^en down 
into the city, or Rua de AquedttCto can 
be used down through Bella Vista into 
the Santo Antonio section of Rio de 
Janeiro. Another excursion^an be made 
to the waterfalls and the rain forest of 


Tijuca. The restinga, or coastal thicket 
association with nearby dunes, can be 
investigated beyond Copacabana at Ifa- 
nema, where fresh-water marshes and 
granite cliffs harbor interesting rock 
algae, lichens, mosses and flowering 
plants (Tillandsia aranjei, etc.). The 
color of the granite cliffs, due probably 
to the growth of blue-green algae, sug- 
gests the Piedras Negras in Angola, 
Africa, the black color of the rocks there 
being due to algal incrustations. 

Proceeding south from Rio de Janeiro 
by the Central Railroad of Brazil to 
Rezende Station, a side trip can be made 
to Bocaina, where the Sierra Bocaina can 
be ascended. Here Ara/ucaria brasiliana 
begins to make its appearance on the 
mountains. Beyond Rezende Station is 
Ilomem del Mello, fi'om which place the 
ascent of Itatiaia is possible and the bot- 
anist can acquaint himself with the 
vegetation of the highest peak of the 
Sierra Mantiqueira so ably described by 
Dusen. At Pindamonhangaba an elec- 
tric train will take the visiting scientist 
to Campos do Jord&o. Campos do Jor- 
d5o is 1,573.80 meters (4,952 feet) in 
altitude and is distant from Pindamon- 
hangaba abont forty-seven kilometers. 
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Here is an excellent place to investigate 
the vegetation of the rolling savannas, 
or campos, and the graves of Araucaria 
brasi liana, but the botanist should be 
careful about the hotel at which he stops, 
for Campos do JordSo is a resort for 
Brazilians with tuberculosis and inadver- 
tently the disease might be contracted. 
A preliminary cross section of the vege- 
tation between Pindamonhangaba and 
Campos do Jordao revealed cleared 
and cultivated land, river marshes and 
swamps, savannas, savanna forests (cer- 
radao), second growth timber {eaapu- 
eira)y rolling campos with scattered 
palms and trees, rain forest up to 1,500 
meters (4,500 feet), upland campos from 
the upper limit of the rain forest to 5,600 
feet alternating with groves of Araucaria 
brasiliana. 

8ao Paulo in the heart of the coffee 
district has some interesting fresh-water 
marshes (fenland) near its outer limits. 
It is feasible to visit Alto da Serra and 
the biological station there, for the rich 
tropical rain forest can be penetrated by 
means of trails which have been con- 


structed to facilitate the study of the 
vegetable life consisting of palms, tree 
ferns, orchids, bromeliads, iUmy ferns 
and lianes. 

The rolling campos country extends 
into the Brazilian State of Parana. On 
July 28, 1927, a white frost covered the 
cami)os, where herds of cattle were feed- 
ing. Araucaria forests alternate with 
the open country, and as one proceeds 
southward by rail to Vallinhas and 
Teixeira Soares, the valleys and hill 
slopes are covered with pure stands of 
Parana pine (Araucaria hr(mLiana). 
Saw-mills are found at a number of sta- 
tions as at Fernandes Pinheiro where the 
araucarian logs are piled high prepara- 
tory to being sawed. Iraty would be a 
good place to stop on the main railroad 
line to study the Parana pine forests, 
for there are two small hotels here, the 
Hotel Estrella and the Central Hotel, 
where the botanist might stay while in- 
vestigating the forest vegetation. 

The summer-green forest of deciduous 
and evergreen broad-leaved trees is char- 
acteristic of the State of St. Catharina 



LABGE AIS^AVCAMIA BnABlLlAKA, CAMPOS DO JOBDiO 
At 5,000 riaCT elevation, BnAai*, July 28, 1927. 
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HILLY CAMPOB ABOVE 5,000 FEET 

Cami'os do Jokdao, Brazil, July 23, 1927. Note groves of Arauoaria brasiliana and Podo- 
carpus Lamhcrti IN the depressions between the rounded hills. 

around Pinh^dro Preto. Bamboos occur reached with its extensive river marshes 
in the forest, a tall flexuous Cocos and (fenland). Here the tall clumps of 
bromeliaceous epiphytes, although on the pampas grass (Gynerium aryenteum) 
tops of the ridges Araucaria brasiliana with waving plumes are at their best, 
is seen occasionally. The southern limit The trains are carried across the fen 
of Araucaria in this direction seems to be country on large ferry-boats with a good 
at Ilerval before crossing the Uruguay opportunity to see the marsh vegetation. 
River int/O the State of Rio Grande do Many of the marsh islands have been 
Sul at Marcellino Ramos, Pulada, planted to poplars and willows, which 
the boundless prairie plain, or pampas, is have grown up to form the alamos. The 
entered and this plain is broken by trees furnish firewood in a country natu- 
groves or longitudinal forests of Arau- rally destitute of forest. 
caria^ which occupy the depressions. Buenos Aires can be used as a center 
This type of vegetation can be studied for the investigation of the vegetation 
by a stop at Carasinho, where there is a of the pampas. The writer was in 
small hotel (Hotel Familiar), or at 83.0* Buenos Aires during the latter part of 
Bento the Hotel Rio Grandenfee, The the southern winter, and on a visit to 
size of the campos forest groves here is La Plata he stopped at Conchitas where 
indicated by the number of Araucaria the pampas seemed least disturbed, 
trees found in them. Pofongas is the Here th^ ^ pestiferous .efcaraeter of the 
absolute southern limit of the Arauoaria, cardoon (Cynara Cirdunculus) was 
South of Cruz Alta herds of rhea, or noted as this weed encroaches on the 
South Anierican ostriches, are encoun- natural pampean vegetation. The Ital- 
tered on entering upon ^e limitless ian settlers must exercise constant vigi- 
pampHs. Santa Maria is an important lance to keep it in subjection. In cross- 
inland city, and Uruguayana in south- ing the pampas of Argentina from 
western Bmil is on the Argentine fron- Buenos Aires to Mendoza^ a gradual im- 
tier on th|^^ruguay perceptible asceniJ^^ i^^ ^ eastern 

The ride on the railroad from Libres foothills of the a plain 

to Buenos Aires is comparatively unin- tilted in an, east-west direction. The 
teresting until the Parana River is eastern part of this plain has been set- 
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tied, but the western part before reach- 
ing the vine-growing districts about 
Mendoza remains wild, open country 
with flocks of rhea encountered as one 
proceeds. 

After leaving Mendoza by the 
aiuline Railroad the country bedjii^ 
more rolling and more deeply dissecfe^ 
resembling the western plains or the 
steppes of the eastern foothills of the 
Rocky Mountains in its topographic con- 
figuration. The vegetation, however, re- 
sembles the desert plains or mesas of 
the Colorado and Mohave deserts owing 
to the ])resence of a desert shrub Covil- 
lea (Larrea) dhmrimia^ related generic- 
ally to Covillva tridentata var. glutinosa 
of the northern plains. An interesting 
phytogeographical problem is presented 
in the distribution of the species of 
Covillea and other associated plants in 
North and South America separated by 
tropical vegetation. Mendoza might be 
made the center for such botanical in- 
vestigation. 

Reaching the western slopes of the 
Andes, the distribution of plants on 


Mount Aconcagua, the highest mountain 
in North and South America, might be 
studied, especially the altitudinal ar- 
rangement of the plants of the several 
belts. The presence of many species of 
the siibantarctic forest on the Pacific 
slopes of the Andes along the Trans- 
aridine Railroad would yield a rich 
botanical harvest. Santiago, Valparaiso 
and Puerto Montt might be used as een- 
t^^rs for theitudy in detail of the vegeta- 
tion of southern Chile, All these places 
are connected by railroad. With a sea- 
worthy launch the fthannels and archi- 
pelago of islands as far south as the 
Strait of Magellan can be reached from 
Puerto Montt, as also the subantarctic 
forests where Araucaria imhricata and 
species of Nothofagus occur. Las Zor- 
ras, reached by electric car from Val- 
j)arai8o, and Torpederas on the west 
coast are accessible to the botanist and 
should be visited during the spring and 
the summer of the southern hemisphere. 
A newly opened railroad to Lake Nahuel- 
huapi on the border between Patagonia 
and Chile will enable the botanist to 
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In tropical bain poriwit at Alto da Sebba, Brazil, July 26, 1927. 



150 


THE SCIENTIFIC MONTHLY 



SHRUBBY LOBELIA, LOBELIA SALWIFOLIA 
Chapparal at Las Zorras, Valparaiso, Chilk, August ]5, 1927. 


reach some of the least-explored parts of 
the subantarctic forests and also the 
Andes south of the 4()th parallel of south 
latitude. 

Botanical Gardens and Scientific In- 
stitutims . — The larpe and interesting 
botanical garden (Jardim Botanico) in 
Rio de Janeiro is reached easily by elec- 
tric car from the heart of the city. It 
has a magnificent situation in a depres- 
sion between two mountains covered 
with tropical rain forest. The forested 


slopes come down to the upiier edge of 
the botanical garden, so that the planted 
grounds and the virgin forest are in 
juxtaposition. The Brazilian govern- 
ment should include the forested moun- 
tain slopes from base to summit with the 
Jardim Botanico and construct trails 
through the virgin forest, so that the 
wild vegetation would be preserved and 
would be open for study to visitors and 
scientists interested in the life of troj)i- 
cal regions. There would then be ere- 
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ated a wild botanical garden and a 
cultivated one. In the Jardim Botanico 
there is a laboratory and museum build- 
ing at one side of the garden where the 
botanical specimens are housed and a 
herbarium. 

The Museum Nacional, which occupies 
the old imperial palace, is located in a 
large park planted with many interesting 
tropical trees. Several rooms are de- 
voted to botany. Sal a Freire Allomao 
contains a collcndion of the trunks, sam- 


rolles, of Paris. Sala Concei^ao Vel- 
lozo has alcoholic specimens, paintings of 
water lilies, jack fruit and Victoria 
regia. The private gardens of the 
wealthy Brazilians and the city parks 
also present opportunities for the inves- 
tigation of exotic cultivated plants. 

Escola Superior de Agricult ura e Vct- 
erinaria de Estado Minas Gerac.s at 
Vigosa is presided over by an American 
scientist, P. H. Rolfs, formerly of the 
Florida Agricultural Experiment Sta- 



JABDIM BOTANICO, HIO BE JANEIRO, BRAZIB 
With the Coecovaik) in the BACKanouNii, palms on hill slopes and shrubs of Azalea 
(Rhododendron) imdica in the foreoround, Jci.y 15, 1927. 


pies of rubber, fruits and mounted her- 
barium specimens with three oil paint- 
ings by Santos on the walls representing 
Amazonia, or Hylaea, Campos and 
Araucaria forest. Sala Martius Botanico 
is devoted to herbarium apecimcns ar- 
ranged in cases according to natural 
families, io pictures of vegetation, to 
wood samples, to alcoholic fruits and to 
phytoigeographic maps. There are oil 
paintings of Martius, Jacques Huber, 
Barbosa Rodrigues, Nicol&o Moreira, 
and models of flowers by D 'Smile Dey- 


tion. It is a center for the scientific 
study of agriculture and horticulture. 
The “priest's room" has been set aside 
for visiting botanists. 

EstaeSo Biologica do Alto da Serra is 
situated on a hillmde in the midst of a 
dense tropical forest. Here is a building 
used in part as residence for the care- 
taker and ill part as a laboratory. The 
botanical garden, coincident with the 
tropical rain forest through which broad 
foot trails have been constructed, is thus 
accessible in all of its parts. The sta- 
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OBOUP OP PALMS IN BOTANICAL (3ABDEN 
At Buenuh Awes, Ahoentina, August 6, 1927. The low palms in phont or the group .mie 
Wathingtonia flUfera and Chamaeropg humilis. The tall palais are Phoenix mnarieneu. 



JABDIN BOTANICO, LIMA, PEBU 

Large fig thee, Ficue up,, with rope-ukk, iianging aerial roots, August 24, 1027. 
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tion is controlled by the Chcfe da Scccao 
de Botanica de Museu Paulista and as 
the official publication appears Arcliivas 
de Botanica de Estado de S. Paulo. In 
this forest are tree ferns, epiphytic 
bromeliads and orchids, Uill forest trees 
draped with lianes and filmy ferns. 

Museu Paulista in the environs of Sao 
Paulo has a room in which botanical and 
h(M‘barium specimens are displayed and 
in the City of Sao Paulo is located the 
herbarium and bot^inical library on the 
s^'cond floor of No. 31 Rua Conselagao, 
over an agency for Ford automobiles. 
Dr. P. C. Iloehne is tlie able director in 
charge. There is a botanical garden 
(Horto '‘Osw'aldo Cruz”) associated 
with the Inslituto Butantan. One sec- 
tion of the grounds is devoted to a snake 
farm, where poisonous reptiles are kepi 
to se<‘ure their venom for remedial and 
experimental purposes. Butantan is one 
of the suburbs of Sao Paulo. 

The Jardin Botanico in Buenos Aires 
is richly stocked with plants arranged in 
systematic beds. One section of the 
garden consists of a geographical ar- 
rangement. Here one finds segrcgate<l 
Argentinian, Brazilian, Chilean, Aus- 
tralian, Uruguayan, European, North 
American, African, Asian and elapancse 
plants. Unusual opportunity is given 
for the study of trees of northern climes 
growing in the southern hemisphere. 

The public gardens adjoining the bo- 
tanical and zoological gardens are well 
worth a visit. La Plata is reached by 


Perrocarril del Sud. The celebrated 
museum is reached best by taxicab from 
the railroad station. A small room is 
devoted to the botanical collections. 

The botanical garden at Santiago, 
Chile, is a fine one. Although Val- 
paraiso does not have a botanical garden, 
it has in Jardin Suizo, owned by Ben- 
jamin Piiinpin and his son Enrique, at 
Las Zorras, a large collection of exotic 
and native species grown for ornament 
and for sale. The catalogue of the Jar- 
din Suizo is useful as an indication of 
the exotic and native plants which can 
be grown in southern Chile. 

The City of Lima, Peru, boasts a 
school of pharmacy connected with ils 
iinivt‘rsity. The building of the schix^l 
of i)harmacy is located in the Botanical 
Garden, which has a large and represen- 
tative collection of plants of temperate 
and tropical regions and is a center of 
botanical influence on the Pacific coast of 
South America, 

Altogether a survey of the facilities 
for botanic investigation and travel in 
Brazil, Argentina, Chile and Peru in- 
dicates that the botanist will find much 
of interest in the botanical gardens and 
institutes maintained for the scientific 
study of plante, but above all the com- 
forts of home need not be sacrificed by a 
prolonged stay in order to investigate 
the native flora and the vegetation, 
which present many features of absorb- 
ing interest. 



HYPNOTISM IN SCIENTIFIC PERSPECTIVE 

By Profetaor CLARK L. HULL 

UNIVRRSITY or WISCONSIN 


Phknomkna more or loss rosemblinfi: 
those of the hypnotic trance appear to 
have been known from very early times, 
-especially among oriental peoples. For 
the most part, these states were asso- 
ciated witli religious and mystical prac- 
tices. While of interest to the curious, 
this phase of the history of hypnosis lias 
left no tangible contribution to science. 
It is sufficient to obseiwe that liypnotism 
■originated in magic just as chemistry 
arose from alchemy and astronomy from 
astrology. 

About the time of the American Revo- 
lution Franz Anton Mesmer (1733“ 
1815), a Viennese physician, put for- 
ward to the scientific world the theory 
and practice of what he called animal 
magnetism. Mesmer s medical training 
naturally made his interests clinical. No 
doubt the spirit of the times tended to 
tinge his practice with something of the 
mystical. In any case, having failed of 
success in (icrmany, he went to Paris in 
1778 where he soon had a tremendous 
vogue. There he opened a remarkable 
elinic in which he treated all kinds of 
diseases. 

The clinic was held in a large hall 
which was darketied by .covering the 
windows. In the center of this room 
was a large oaken tub, the famous 
lyaquei. The tub M^as filled with water 
into which had been placed a quantity 
of iron filings and ground glass. Over 
the tub was a wooden cover provided 
with openings through which projected 
jointed iron rods. These rods were ap- 
plied by the patients themselves to their 
various ailing parts. While at the tub, 
the subjects were commanded to main- 
tain absolute silence, possibly to render 
them more susceptible to \he plaintive 
music that was provided. At the i>syclio- 


logieal moment, Mesmer would appear 
on the scene garbed in a brilliant silk 
robe. He would pass among the pa- 
tients, fixing his eyes ui)on them, passing 
his hands over their bodies and touching 
them with a long iron wand. Indi- 
viduals apparently suffering from the 
most varied disorders declared them- 
selves (‘ured after two or three such 
treatments. 

Mesmer did not hypnotize* his subjects, 
although some of them appear to have 
had spontaneous hysterical convulsions 
and to liave shown other related behavior 
while at the tub. The sleeping trance 
which is a familiar part of hypnotism to- 
day seems to have been discovered acci- 
dentally in 1784 by a follower of Mes- 
mer, the Marquis de Puysegur. One day 
he attempted to apply Mesmer mag- 
netizing methods to Victor, a young 
shepherd, who, instead of showing the 
usual hysterical convulsions, fell into a 
quiet sleeping trance. Without awaking, 
he later went about his duties like a 
sleep-walker. When he finally awoke 
from his somnambulistic state, he was 
unable to recall anything that had hap- 
pened while in it. Victor ^s inability to 
recall the trance events would now be 
called post-hypnotic amnesia. The sleep- 
ing or trance condition was quite natu- 
rally regarded as an artificially induced 
somnambulism and at once it attracted 
a great deal of attention, partly on ac- 
count of the supposed clairvoyant pow- 
ers of subjects while in this state. About 
the same time P6t6tin, a physician at 
Lyons, described the phenomenon of 
hypnotic catalepsy or muscular immo- 
bility. The discovery of the remaining 
major hypnotic phenomena followed 
rapidly, and by 1825 hypnotically in- 
duced positive hallucinations (seeing 
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thing's which are not present), negative 
hallucinations (being blind to things 
really present) , hypnotic anesthesias, 
analgesias (in^icnsibility to pain), and 
the a<dion of post-hypiioti(‘ suggestion 
had all been clearly described. 

The theories of animal magnetism as 
put foi’ward by Mesmer and as elabo- 
rated by his followers are of consider- 
able scientific interest, not because they 
were true, but because, on the contrar>^ 
it took the world such a long time to 
realize that they were false. In 1766 
Mesmer wrote his medical dissertation 
on the influence of the j)lanets upon the 
bodies of men. This survival of the tra- 
ditions of astrology he combined with 
the theory that the two lateral halves of 
the human body act like the poles of a 
kind of animal magnet. Disease was 
caused when there was an improper dis- 
tribution of this magnetism within the 
body. Animal magnetism itself was held 
to be a kind of impalpable gas or fluid, 
as distinguished from the magnetism of 
minerals, The distribution and action 
of animal magnetism were supposed to 
be under control of the human will. 
Mesmer 's followers even thought that 
this strange fluid could he seen. Trained 
gomnambulists were supposed to behold 


it streaming forth from the eyes and 
hands of the magnetizer, though they 
disagreed as to whether the color of the 
strange fluid was white, red, yellow or 
blue. It was agreed, howeviT, that the 
fluid could be confined in a bottle and 
thus transported, exerting its mystical 
power in distant places ! 

The century which has elapsed since 
1825 has been much less fertile in the 
discover>^ of hypnotic phenomena than 
the preceding half century. Indeed al- 
most the only outstanding events dur- 
ing this period have been the gradual 
though still incomplete correction of 
errors which accumulate<l around the 
pseudoscience of hypnotism previous to 
that date. One of these is its approxi- 
mate escape from its age-long entajigle- 
ments with mysticism and magic. A 
second and more dramatic episode is the 
struggle centering around the rivalry 
between the objecitive theories of animal 
magnetism and the subjective, theor>^ of 
suggestion as alternative explanations 
of hypnotic phenomena. It is with 
events of this latteJp conflict that we shall 
now conoern ourselves. 

The subjective or psychological nature 
of hypnotic pkenomena seems inde- 
pendently to have been discovered and 
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published by James Braid in England 
(1843) and by a group of French in- 
vestigators beginning with the Abb6 
Faria (1819) and culminating with 
Liebeault (1866) and Bernheim (1886). 
In contrast with the French movement, 
Braid’s stroke of insight appears to have 
been a relatively independent and iso- 
lated event. In 1841 he witnessed a mes- 
meric s6anec conducted by a French 
magnetizer named LaFontaine. Braid 
first went to the demonstration suspect- 
ing fraud. Upon witnessing it a second 
time, however, and after making certain 
tests of tlie subjects himself, he became 
convinced that the phenomena were 
genuine. He later began experimenting 
extensively on his own account. This 
very soon led him to the view that the 
cause of the various phenomena was not 
a fluid which passed from tlie body of 
the mesmerist into that of the subject, 
but that in reality it all depended upon 
the suggestibility of the subject himself. 
Braid is, likewise, notable for having de- 
veloped a special technique for inducing 
the trance, a method still extensively 
used. His procedure was ♦o have the 
subject look fixedly at some bright object 
which was held near and slightly above 
the eyes in such a way that the eye 
muscles were under a certain amount of 
strain. This technique was usually 
combined with verbal suggestion. Braid 
utilized the trance mainly in his painless 
surgical operations, which he performed 
in large numbers. He also introduced 
the word “hypnotism” now in general 
use. 

The parallel movement in France was 
much more complicated. It began in 
1814-18 when the Ahhi Faria showed by 
experiments, which were later published, 
that no special force was necessary for 
the production of the mesmeric phe- 
nomena such as the trance, but that the 
determining cause lay within the subject 
himself. One of Faria’s subjects was a 
general named Noizet, who converted 


to the Abb6’s views. He, in turn, passed 
Faria’s teachings on to a physician, 
Alexander Bertrand, who elaborated 
them. Both Noizet and Bertrand wrote 
books upon the subject. 

Basing his opinion largely on tlie 
striking similarities between the systems 
of Noizet and Bertrand on the one hand 
and that of Lifibeault on the other, Pierre 
Janet has advanced the view that 
Noizet ’s book may have fallen into the 
hands of Lifbeault. In contrast to this 
Bramwcll calls attention to the fact that 
Braid’s anti-magnetic views were being 
exploited in France through the influ- 
ence of Azam and others in 1859-60. In 
any case, we find Li6beault seriously be- 
ginning the study of mesmerism in 1860, 
but entirely rejecting the theory of a 
magnetic fluid. 

Liebeault was a humble physician who 
began a country practice in 1850. In 
1864 he settled at Nancy and practiced 
hypnotism among the poor peasants who 
came to his clinic. The temper of the 
man is shown by the fact that he ac- 
cepted no fees for these services, living 
on his income. B ram well, who visited 
Liebeault ’s clinic, draws such an inimi- 
table picture of it that it must be quoted : 

Hifl Clinique, invariably thronged, was hold in 
two rooms in the corner of his garden. . . . The 
patients told to go to sleep apparently fell at 
once into a quiet slumber, then received their 
dose of curative suggestions, and when told to 
awake, either walked quietly away or sat for a 
little to chat with their friends, tlie whole 
process rarely lasting longer than ten minutes. 
... No drugs were given, and Li6beault took 
special pains to explain to his patients that he 
neither exercised nor possessed any mysterious 
powers, and that all he did was simple and 
capable of scientiilc explanation. ... A little 
girl, about five years old, dressed shabbily, but 
evidently in her best, with a crown of paper 
laurel leaves on her head and carrying a little 
book in her hand, toddled into the sanctum, 
fearlessly interrupted the doctor in the midst 
of his work by pidling his coat, and said, ^^You 
promised me a penny if I got a prize. This, 
accompanied by kindly words, was smilingly 
given, incitement to work having been evoked 
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in a pleasing, if not scientific way. Two little 
girls, about six or seven years of ago, no doubt 
brought in the first instance by friends, walked 
in and sat down on a sofa behind the doctor. 
He, stopping for a moment in liis work, made 
a pass in the direction of one of them, and said, 
Sloop, my little kitten,'^ repeated the same 
for the other, and in an instant they were both 
aslfHjp. He rapidly gave them their dose of 
suggestion and then evidently forgot all about 
them. In about twenty minutes one awoke and, 
wishing to go, essayed by shaking and pulling 
to awaken her companion — her amused expres- 
sion of face, when she failed to do so, being 
very comic. In nlx>ut five minutes more the 
second one awoke, and, hand in hand, they 
trotted laughingly away. 

After coming to Nancy, Licbeault 
began writing a book on hypnotism 
wlue-li was finished after two years oC 
hard work. When published, however, 
only one copy was sold ! But Licbeault 
patiently pursued his gratuitous labors 
among the poor for twenty years when, 
by a kind of accident, his remarkable 
work was finally i*ecognized. It seems 
that Bcrnheim, a professor in the medi- 
cal school at Nancy, treated without 
success for six months a case of sciatica 
which had lasted for six years. This 
jiatient was quickly cured through hyp- 
notic suggestion administered by hift- 
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beault. This striking cure caused Bern- 
heim to investigate the novel method 
of treatment. His initial incredulity 
soon changed to enthusiastic admiration, 
and in 1884-6 Bemheim published an 
attractively written book in which he 
directed the attention of the world to 
Liebeault^s work. In this tardy way, 
twenty years after it had been written, 
the remaining copies of Licbeault 
book were finally sold, and the modest 
physician at last received recognition. 
Doctors from all countries now flocked 
to Nancy to study his methods. 

But suggestion as an explanation of 
hypnotic phenomena was yet to encoun- 
ter a severe struggle. Independent of 
Li6beault, Charcot, an anatomist and 
neurologist of Paris, had, around 1880, 
attracted considerable attention by his 
courageous experiments and lectures on 
the subject of hypnosis. Warned by the 
unscientific extravagances which had 
very properly brought the magnetizers 
into disrepute, Charcot resolved that his 
experiments, at least, should be ultra- 
scientific and technically above reproach. 
It is largely because of this that the con- 
troversy ^hich eventually grew up be- 
tween the Paris and Nancy schools 
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merits our attention. For, despite 
Charcot's scientific intentions, no one 
has ever fallen into* more grievous ex- 
perimental errors or gone more widely 
astray in experimental method than he. 
This simply goes to show how easy it is, 
even with the very best of scientific 
ideals, to go hopelesslj^ wrong in hyp- 
notic experimentation. 

Charcot seems to have been especially 
fearful of being deceived by his sub- 
jects. He therefore sought in their 
behavior for signs which could not be 
simulated. Apparently he never hyp- 
notized any one himself but depended 
iipon his assistants who brought the sub- 
jects to him. These were mainly three 
hysterical young women. With these 
mentally pathological subjects, he sought 
diligently for objective signs character- 
istic of the hypnotic state. Quite natu- 
rally he employed the same general 
methods that he had recently applied 
with success to the study of locomotor 
ataxia and lateral sclerosis. When the 
subjects were stimulated, their muscles 
seemed to show characteristic reactions 
following definite laws. 

All of these phenomcnR could be successfully 
linked to Charcot’s earlier studies. They could 
be examined with the guidance of the same ana- 
tomical ideas. The same method and the same 
instruments could be used. The same little 
hammer could be usetl for testing the reflexes. 
As of old, demonsttatioiis could l)e made by the 
chief to an admiring circle of pupils. It was 
still possible to seek upon the baredMimb of the 
subject a place where a blow with the hammer 
would readily induce a well-marked contracture, 
and one plain1|f^ visildo to all beholders. To 
Charcot this was irresistible. He declared that 
tlio study of such phenomena could be conducted 
by a perfectly sound method; that the method 
siitflced to exclude the possibility of fraud, 
which had invalidated the old experiments upon 
somnambulists; and that it was in the light of 
the data acquired by this method that a critical 
review of all the recorded phenomena of animal 
magnetism must be undertaken,! 

Purauing his methods just described 
Charcot reported a number of supposed 

1 Pierre Janet, ^^Psychological Healing,’’ vol. 
1, p. 168. 


discoveries. Major liypnotism, as it was 
now called, showed three sharply 
marked stages; lethargy, catalepsy and 
somnambulism. In the lethargic stage,, 
induced by closing the subject’s eyes, 
the subject could hear nothing and 
(fould not speak; but, when certain 
nerves were pressed, remarkable and 
uniform contractures resulted. If, while 
in the lethorgic state, the subject's eyes 
were opened, she at once passed into the 
cataleptic stage, in which the limbs re- 
mained in any position they were plac^od 
by the experimenter, though she was 
still unable to hear or speak. Lastly, if 
friction were applied to the top of the 
head, the subject passed into the som- 
nambulistic condition which was sub- 
stantially that of the ordinary trance. 
Sometimes these contractures, catalep- 
sies and other hypnotic manifestations 
appeared only on one side of the body. 
In such ca8e.s if a large magnet were 
brought close to the limbs in question, 
the particular symptoms would be dis- 
placed at once to the other side of the 
body. This phenomenon was called 
transference. Thus, curiously enough, 
we find magnetism reappearing in the 
history of hypnotism, this time in re- 
spectable scientific garb, though quite as 
fallacious as when similar claims had 
been advanced by the old magnetizers. 

To these claims of Charcot and his 
followers, Bemheim replied in the sec- 
ond edition of his book; 

If, in our researches, we failed to take an our 
starting-point the three phases of hysterical 
hypnotism described by Charcot, this was be- 
cause we were unable by our observations to 
confirm their existence. We were unable to 
ascertain that the action of opening or closing 
the subject ’« eyes, or friction of the vertex, 
modified the phenomena in any way; or that/ in 
the subjects who were not, disposed to manifest 
certain phenomena under the sole indueuce of 
suggestion, such phenomena could be Induced 
by any of the physical stimuli just mentioned. 
. . . Conversely, all the phenomena can bo 
readily obtained when they are described in the 
subject ’s presence^ and when the idea of them 
is allowed to permeate his mind. Not only can 
all the classical effects of the magnet be induced 
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iu this way, but the same thing applies to all 
the varieties of transference. I saj^, am 
going to move the magnet, and when 1 do so 
there will be a transference from the arm to 
the leg. A minute later, the arm falls and 
the leg rises. Without saying any more to tlm 
subject, 1 next move the magnet back to the 
leg; thereupon there is a fresh transference 
from the leg to tlu; arm. If, without disdosing 
the fact to the subject, I substitute for the mag- 
net a knife, a pencil, a bottle, a piece of paper, 
or nothing at all — still the plifMiomona are wit- 
nessed . 2 

The salutary manner in wliieh Bein- 
heim thus exposed by means oC the con- 
trol experiment the basic error in the 
experimental technique oi' the Paris 
school should be pondered long and well 
by all who e.ssay experimentation in the 
field of hypnosis. 

The conflict with Paris having been 
won, there was yet another chapter in 
the history of hypnosis and suggestion 
to be written in Nancy. In 1885 the 
good Li6beault met at Troyes a young 
druggist named iJmile Coii^. The two 
men at once found much in common. 
For a time Cou6 studied and practiced 
hypnotic suggestion according to 
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Lif'boault’s technique. Meanwhile lie 
observed the influence of waking sugges- 
tion in effecting cures when associated 
with the use of drugs, the latter often 
quite innocuous in themselves. 

He studied and brooded over the mat- 
ter for a period of twenty-five years. In 
1910, at the age of fifty-three, Coue 
established what has sometimes been 
called tlu5 “neo-Nancy^' school. Follow- 
ing the example of his predecessor, Dr. 
Li^beault, Coue held his clinique in his 
own home and gave gratuitously his 
healing suggestions to the many who 
flocked to receive them. But his tech- 
nique was different. Cou6 abandoned 
the trance entirely and depended 
wholly upon waking suggestion. This 
he called auto-mggestion, insisting that 
all suggestion i.s in reality nothing but 
auto-suggestion. 

What Coue meant by the term; autor 
suggestion, may best be understood 
from his quaint directions to a person 
suffering from pain : 

Therefore every time you liave a pain, phys- 
ical or otherwise, you will go quietly to your 
room ... sit down and shut your eyes, pass 
your hand lightly across your foreliead if it is 
mental distress, or upon the part that hurts, if 
it is pain in any part of the body, and repeat 
the words: /^It is going, it is going," etc. 
Very rapidly, even at the risk of gabbling, it is 
of no importance. The essential idea is to say: 



160 


THE SCIENTIFIC MONTHLY 


‘ ^ It is it i® ^ so quickly, that it is 

impossible for a thought of contrary nature to 
force itself between the words. We thus actu- 
ally think it is going, and as all ideas that we 
flx upon the mind become a reality to us, the 
pain, physical or mental, vanishes. And should 
the pain return repeat the process 10, 20, 50, 
100, 200 times if necessary, for it is better to 
pass the entire day saying: “It is goingl'* 
than to suffer pain and con.plain about it.*"* 

Such, in brief, is the history of hypno- 
tism. All sciences alike have descended 
from magic and superstition, but none 
has been so slow as hypnosis in shaking 
off the evil associations of its origin. 
None has been so slow in taking on a 
truly experimental and genuinely seion- 
tifie character. Practically all of the 
actual plienomena wen* discovered and 
described during the first fifty years, 
from 1775 to 1825. But the century 
since 1825 has shown a remarkable 
sterility in this field. Almost nothing 
of significance has been accomplished 
during this period except the very 
gradual correction of errors which origi- 
nally flowed directly from bad experi- 
mental procedures. We have already 
had occasion to note a classical case of 
this in the controversy between Bern- 
heim and Charcot. The tardy develop- 
ment of the science of hypnotism, more- 
over, is especially striking when it is 
recalled that practically from the be- 
ginning hypnosis has been definitely an 
experimental phenomenon. Not only 
this, but experimentation in it has been 
eontiiiuous and widespread through all 
of this fxniod during which science in 
other fields has made the greatest ad- 
vances ever known. 

The paradox in this case, as always, 
disappears with full knowledge of the 
attendant circumstances. In the first 
place, as we have already seen, the domi- 
nant motive throughout the entire his- 
tory of hypnotism has been clinical, that 
of curing human ills. A worse method 
for the establishment of scientific prin- 

^ ^ ‘ Suggestion and Auto-suggeition, ' ^ Cou6, p. 
S2. 


ciples among higlily elusive phenomena 
could hardly have been devised. As we 
shall have occasion to observe fre- 
quently, one indispensable principle of 
satisfactory hypnotic investigation is 
that of the control experiment. Thus 
Charcot’s magnetic experiment was 
utterly misleading and scientifically per- 
nicious until Beniheim completed it by 
substituting for the magnet “a knife, a 
liencil, a bottle, a piece of paper, or 
nothing at all.” But deliberately to run 
a control experiment in genuine clinical 
practice involves withholding from a 
considerable number of patients (the 
control group) a mode of treatment 
possessing a certain presumption of 
curative value. This deliberate with- 
holding of the means of life and health 
from certain individuals, even though on 
the long run it might greatly profit 
other individuals, is revolting to ordi- 
nary human nature. And, when indi- 
vidual patients are paying individual 
doctors for treatment, it is quite out of 
the question. The physician’s task is to 
effect a ciirc in the quickest manner 
possible, using any ajid all means at his 
disposal more or less simultaneously. 
Naturally general laws which call for 
the varying of a single factor at a time 
do not readily emerge from such situa- 
tions. Worse still (despite notable ex- 
. ceptions as in the ease of Bernheim ) the 
limitations of clinical practice often 
operate in the behavior of experimenters 
accustomed to them, even when the con- 
ditions surrounding the particular ex- 
perimental situations are such as really 
to permit control experiments to be car- 
ried out:. 

What We have spoken of above as the 
control experiment has long been known 
and employed by scientific investigators. 
It is^an integral part of the most potent 
of all scientific methods. This has been 
known since the time of John Stuart 
Mill as the ‘‘method of difference.” 
According to Mill, it is “by the method 
of difference alone that we can evejr, in 
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the way of direct experience, arrive with 
oextdnty at eauaea. " At bottom the 
method ia very aimple. Ita prooedore 
falla naturally into two parta. The firat 
part ia nanally thought of as the main 
or basic experiment. The second part is 
what we have called the control experi- 
ment. It is the almost universal failure 
of the experimenters to perform part 
two as required by the method of dif- 
ference that has proven so disastrous in 
the history of hypnotism. 

In the main or basic experiment by 
the method of difference there is set up 
an experimental situation containing a 
factor A which is presumed to be 
causally active, along with attendant 
factors B, C and D, all of which are pre- 
sumed in this particular situation to be 
non-active. What follows from the join- 
ing of these factors is then noted. The 
result JT, whatever it chances to be, is 
likely by the unsophisticated to be taken 
forthwith as the effect of the antecedent 
A. Thus when Charcot brought the 
magnet (A) close to the contracted leg 
of the hypnotized subject and the con- 
traction thereupon was transferred to 
the arm (JT), he naively concluded that 
the specific magnetic property of the 
magnet was the active agent. As a mat- 
ter of fact, no general conclusion what- 
ever as to causation may safely be drawn 
at this stage of the experiment. It is 
always possible that the observed conse- 
quent X may have been caused by the 
supposedly neutral attendant circum- 
stances B, C or D, or some combination 
of them, snd not by A at all. 

The weoond or control part of the 
method of difference comes in a,t this 
point to clear up the experimental am- 
bigtuty. In this {«rt a new cxperiinmit 
is set up wfaioh is In ell remieets exactly 
like tlie ,i^wt except that uitecedent fac- 
tor 4 |9l^ bn absent. If, now, the oon- 
seqnent X is also found to be absent, 
^ cenclnB^ be drawn that 
4 is in ifie oatus of X, But if, on 


the other hand, X should really be fotind 
among the consequents, it will be quite 
as clear that A is not the cause of X. 
This last is what happened when Bem- 
heim carried out the control to Char- 
cot’s experiment. With everything else 
the same, a bottle or a pencil, or only the 
actions of the experimenter were quite 
as efilcacious in changing contractures 
as was a true magnet. 

No doubt an important factor con- 
tributing to the almost universal failure 
to perform satisfactory control experi- 
ments in the history of hypnotism has 
been the grossly inadequate training of 
the investigators. Up almost to the 
present moment their training, if any, 
has been in the non-mental sciences of 
physics, chemistry, physiology or anat- 
omy. Almost without exception they 
have known little or nothing of the tech- 
nique and peculiar pitfalls of psycho- 
logical experimentation. The ordinary 
physicist, chmist or physiologist in his 
scientific training never encounters the 
phenomenon of substitution of stimulus 
(or cause) which takes place constantly 
in habit formation. Thus it seems never 
to have occurred to Charcot that a mag- 
net could be causally active in determin- 
ing human behavior except through its 
specifically magnetic properties. He did 
not realize the possibility that through 
maladroitness in the conduct of his in- 
vestigations his subjects, even unknown 
to themselves, might acquire certain 
habits; that by virtue of these habits the 
■stimulation of their sense organs by a 
magnet or merely by movemkbta or 
sounds associated with the use of a mag- 
net might alone evoke the observed reac- 
tions. The causal effects in this latter 
case were, of eoune, quite as physical as 
the action of a magnet oh iron filings, 
■though the mechanism involved was 
radically d^erei^t from what Oharoot 
implicitly assumeiL 
Despite the v^ deriotu and unaolen- 
tiflo faiatory of l^^tiam, tb«m ia ex- 
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cellent reason to expect a decided change 
ioT the better in the near future. The 
•excessive preoccupation with the clinical 
and other practical applications of 
hypnotic so characteristic of its his- 
tory has now subsided to moderate pro- 
portions. This can hardly be regarded 
as anything but a fortunate circum- 
-stance for the development of hypnotism 
as a true experimental science and ulti- 
mately for its most effective application 
as well. Moreover, the rapid develop- 
ment of psychology as an experimental 
science within recent years has made 
available to the hypnotic investigator a 
large number of experimental methods 


and devices which he may utilize at 
once with little or no modification. 
Lastly there is reason to believe tha^t a 
kind of renaissance in hypnotic research 
is actually on its way. At several cen- 
ters of learning and research in this 
country alone there exists a vivid ap- 
preciation of the possibilities in this 
direction. Prom at least two of these is 
already appearing at fairly regular 
intervals a succession of papers describ- 
ing really scientific and adequately con- 
trolled hypnotic investigations. It is 
not inconceivable that, profiting by its 
checkered past, hypnotism may one day 
occupy an enviable scientific position. 



A PHARMACOLOGICAL APPRECIATION OF 
REFERENCES TO ALCOHOL IN 
THE HEBREW BIBLE 

By DAVID I. MACHT, M.D., Phar.D., Dr.Litt (Heb.) 

THB JOHNS HOPKINS UNIVEESITY 


Introduction 

The alcohol problem in the United 
States is at present of universal interest. 
While the question has been widely dis- 
cussed from the sociological, psychologi- 
cal, political and legal aspects, the whole 
subject from the scientific point of view is 
primarily a medical one, and, more accu- 
rately speaking, belongs to the domain 
of pharmacology. No apology is there 
fore necessary for any investigation of 
a pharmacological character which may 
tend to throw more light on the subject, 
be that investigation of an experimental 
character or of a historical nature. 
The historical approach to the study of 
medical problems is now being recog- 
nized more and more as of great value 
in establishing a proper perspective of 
a given subject and often providing 
useful empirical data for carrying on 
experimental investigations. For this 
reason, the present sketch is deemed to 
fill a definite need, namely, to furnish 
reliable information concerning a sub- 
ject which has been greatly misunder- 
stood. No apologies are required for a 
scientific inquiry into references to wine 
and other alcoholic liquors mentioned in 
the Bible because of the incontestable 
fact that this literary work is truly the 
Book ot Books, one which has been and 
is being read by the largest number of 
human beings in the world, and a book 
which has been translated into a greater 
number of languages than any other 
work. This universal appeal of the Book 
of Bookff may, on superficial considera- 
tion, be regarded as an argument agaihit 
any new pubUeation dealing urith Its 
contents as being ouperfiuous. Such an 


argument, however, is not a valid one 
for two very good reasons. In the first 
place, the Bible has been dragged into 
the prohibition controversy by persons 
prompted more by acrimonious zealotry 
and bigotry than by a desire to under- 
stand correctly the work which they are 
quoting. In the second place, it is a 
platitude, which nevertheless is worth 
emphasizing, that no translation of any 
literary masterpiece can adequately con- 
vey either the sense or the spirit of the 
original text and, in the case of the Old 
Testament, references to alcohol have 
been based on quotations or misquota- 
tions from English translations of the 
Hebrew, many of which are preposterous 
and nonsensical. To appreciate fully the 
truths and the beauties of the Hebrew 
Tenach (Bible), it is absolutely neces- 
sary to have at least some acquaintance 
with the original text. To quote from an 
illustrious writer on the subject: “It 
must be read in Hebrew, that is to say, 
in accordance with the spirit of that 
language. It describes but little, but 
through the rich significance of its verbal 
roots, prints in the word a picture of the 
thing.” A thorough acquaintance with 
the etymological denotations of these 
roots is essential for the adequate grasp 
of the complete idea or thought ex- 
pressed in its consonants and simple 
words. “It only joins for us predicate 
to subject and sentence to sentence ; but 
it presupposes the listening soul, so 
wat^ful and attentive that the deeper 
sense and profounder meaning, which 
lie not upon but beneath the surface, 
may be jmpplied by the logical and 
independwt action of the mind itself. It 
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is, as it were, a semi-symbolic writing.”^ 

In the present paper it is proposed, in 
the first place, to recapitulate briefly the 
status of pharmacological and toxico- 
logical knowledge concerning alcohol 
and, in the second place, in the light of 
such knowledge to examine critically the 
more important references to wine and 
liquor mentioned in the various books of 
the Old Testament. Such a critical 
study of the Bible will not be based on 
the reading of any one authorized ver- 
sion, but on a comparative study of 
various original texts and available 
translations as well as on philological 
investigations concerning the various 
terms encountered, out of which the 
most straightforward and clearest inter- 
pretations will be selected in the light 
of the latest pharmacological and medi- 
cal data. It is hoped that such a con- 
tribution will be found useful both by 
specialists in the natural and medical 
sciences and by general students of 
Biblical history and philology. 

Physiological Considerations 

Although ethyl alcohol is generally 
discussed along with other alcohols in 
text-books on pharmacology, this par- 
ticular compound is in a sense really 
not a drug at all and may be classed 
physiologically as a normal product of 
metabolism and, to a certain extent, as 
a food. Thus, a Japanese investigator, 
Morie Aoki,* has found that ethanol is 
a normal product of certain living cells. 
Again, both physiologists and pharma- 
cologists are agreed that it is an excellent 
food in the sense of being a source of 
energy. It is completely oxidized in the 
body when small quantities are taken 
internally, and in that way supplies 
energy to the living organism. Thus, 
Starling,® in his ** Human Physiology," 
states : 

iHirsch, ''The Nineteen Letteri,’’ trani. by 
Brachman, Funk and Wagnalla, 1899. 

«/. Bioohem, (Japan), v, p. 71, 1926. 

a "Hainan Physiology," p. 566, 1926. 


When alcohol is taken by man in moderate 
quantities, the greater part of it undergoes oxi- 
dation and leaves the body as carbon dioxide 
and water; about two per cent., which escapes 
oxidation, is excreted unaltered by the lungs 
and kidneys. This oxidation of alcohol is a 
result of true utilization, since the addition of 
a certain amount of alcohol to the body does 
not result in an increased output of carbon 
dioxide. In small quantities, therefore, alcohol 
can act as a food. 

This function, however, is not so im- 
portant in normal individuals as in 
certain diseased conditions, especially in 
fevers and certain constitutional dis- 
eases like diabetes. In fevers, much 
larger quantities of alcohol are oxidized 
and liberate sufficient energy to take the 
place of at least a part of ordinary diet. 
According to Sollmann,* to quote from 
his standard reference book on pharma- 
cology in connection with the use of 
alcohol in exhausting fevers: 

The intelligent and discriminate employment 
of alcohol should be useful in these conditions; 
its indiscriminate use would doubtless do more 
harm than good. Tho beneficial effects are 
probably mainly nutrient, due to the direct 
food value of alcohol, and to the stimulation of 
the digestion and absorption of other foods. 
This not only conserves the general nutrition of 
the patient but also increases the output of tho 
exhausted heart. The pulse becomes stronger 
and more regular. The altered distribution of 
the blood by the mildest degrees of alcohol 
action would also be beneficial. The dilation of 
the cutaneous vessels removes the blood from 
the atonic, and therefore congested, internal 
organs and lessens venous distention of the 
heart. It would also tend to lower the tempera- 
ture, although the antipyretic effect is but 
small. The narcotic action of the alcohol is 
useful by quieting the febrile excitement, thus 
reducing tho demands on the strength of the 
patient. 

In diabetes mellitus, alcohol, as would 
be expected, acts favorably as an easily 
digested food, supplying the place of the 
sugar and diminishing the excessive de- 
mand on proteins and thus lessening the 
risk of acidosis. This has been shown to 
some extent by the work of Benedict and 

4«Muiaal of PhaniuusoloKy," p. 640, 1928. 



ALCOHOL IN THE HEBREW BIBLE 


165 


TSrok,® who found that the replacement 
of fifty to eighty grams of food fat by 
equivalent quantities of alcohol lessens 
the excretion of sugar, acetone and 
nitrogen. Neubauer® also found alcohol 
useful in diabetes, although other writ- 
ers, such as Mosenthal and Harrop,’^ 
found that it was not able to replace 
protein or fat in conserving a nitrogen 
balance. 

PharmacoliOgical R6sum6 
The salient facts concerning the phar- 
macological action of ethyl alcohol are 
well established and are unanimously 
agreed upon by all investigators in 
pharmacology. Ethyl alcohol is a drug 
or chemical acting primarily upon the 
central nervous system. In the course 
of its action, depending on the dose, two 
stages can be distinguished. After small 
doses a sense of well-being and of 
‘‘stimulation,^’ or excitement, is noted. 
The feeling of well-being, or euphoria, 
is a characteristic feature of the action 
of the drug and manifests itself in a 
sense of comfort and relaxation, a feel- 
ing of greater confidence in oneself, 
greater freedom of speech and an in- 
creased buoyancy of spirits, so that a 
person who may be depressed becomes 
more sanguine and cheerful. This sense 
of “stimulation” produced by alcohol 
has been regarded by Binz,® one of the 
prominent earlier investigators in the 
field, as due to a true stimulation of 
nervous elements. Bunge,® however, 
who was another eminent worker in the 
field, regarded the “stimulation” as 
being due to a release of excessive inhibi- 
tions in the nervous system, allowing a 
freer play of psychological reactions. 
More recent and extensive psycho-phar- 

« BiocK Cenfr.t P- 1916, 1906. 

• Cited by Sollmann. 

7 Areh, Int, Med,, zxii, p. 750, 1918. 

• Aroh, f, Bxper. Bath. u. Pharmakol., vi, p. 
812 1877. 

• ''Die Alkohol Prage,'' Leipzig, 1887. 


macological investigations, by Rivers,^® 
Kraepelin,^^ Jacobi^® and Benedict,^® 
have amplified our knowledge concern- 
ing the action of ethanol. According to 
Kraepelin, the primary stimulating 
effect of ethyl alcohol is that it facili- 
tates mechanical work through a stimu- 
lation of motor impulses, as indicated 
by experiments with the dynamometer. 
On the other hand, Kraepelin found 
that such mechanical processes as simple 
reactions, repetition of words, reading, 
etc., are made at the expense of the more 
complex mental processes and associa- 
tions, so that very accurate intellectual 
work and finer judgments are impaired. 
The American investigators. Dodge and 
Benedict, found that ethyl alcohol not 
only depresses the sensory reactions, but 
does not produce any definite stimula- 
tion even of simple mechanical perform- 
ance. All investigators, however, are 
agreed that whether the primary ‘ ‘ stimu- 
lation” of the brain by alcohol be a true 
stimulation or merely a release of inhibi- 
tions, the effect upon the psychic state 
of the subject is to produce a sense of 
euphoria, or well-being, which is of 
great therapeutic value in cases of ner- 
vous strain, melancholia and other de- 
pressive states. Large or excessive doses 
of ethyl alcohol, however, exhibit the 
secondary stage of its pharmacological 
action, namely, the loss of coordination, 
stupor and, eventually, a complete 
paralysis of the central nervous system, 
leading to coma and death. 

In addition to the effects upon the 
central nervous system, one of the most 
important properties of alcohol is its 
effect on the circulation. Here, again, 
all pharmacologists agree a stimulating 
effect is produced. This is due partly 

10 * * The Influence of Alcohol on Fatigue, * ' 
London, 1908. 

11 Biooh, Bull., V, p. 223, 1910. 

i> ilroA. /. Sxper. Path. u. Pharmakol., xxxii, 
p. 49, 1893. 

13 Jowr. Amor. Med. Assoo., Ivi, p. 1424, 1916. 
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to the narcotic action of alcohol on the 
cerebrum, partly to a stimulating effect 
upon the medulla, namely, on the vagus 
and the vasomotor centers, and partly to 
an improved nutrition of the heart as a 
consequence of dilatation of the coronary 
vessels. Clinically, small and moderate 
doses of alcohol produce a slight increase 
in blood pressure, a slight slowing of 
the heart beat, a vasodilatation of the 
peripheral vessels and diuresis. The 
action of alcohol upon the circulation is 
a rapid one, so that one of the cardinal 
therapeutic indications for its use is as 
a stimulant in collapse or shock. 

From the toxicological point of view, 
alcohol, in respect to its action on the 
central nervous system, stands midway 
between hypnotics and general anesthet- 
ics. When taken in moderate doses, it 
is often conducive to sleep, while in 
larger doses it was commonly employed 
as an anesthetic for surgical operations 
before the discovery of ether and chloro- 
form anesthesia. Furthermore, it is well 
known to every clinician, as well as 
pharmacologist, that small doses of alco- 
hol often improve digestion, partly 
through a reflex action on the salivary 
and gastric secretions and partly 
through their psychic effects. Ethanol 
is quickly absorbed from the stomach 
and in sensitive subjects such absorption 
is rapidly followed by peripheral vaso- 
dilatation and flushing of the face and 
head. 

The effects of alcoholic intoxication 
are too well known to be described. 
Acute alcoholism of the extreme type is 
characterized by delirium tremens and 
followed by coma and death. Chronic 
poisoning is manifested by a variety of 
symptoms and leads to degenerative 
changes in the nervous, cardiovascular 
and renal systems. Chronic congestion 
of the skin and mucous membranes and 
digestive disturbances are also very com- 
mon in habitual alcoholics. 

The Iprincipal therapeutic indicatioxis 
of alcohol may be summed up as follows : 


(1) As a food, more particularly in 
fevers and certain constitutional dis- 
eases like diabetes. 

(2) As a valuable stimulant in acute 
circulatory conditions. 

(3) As a rapid and efficient stimulant 
in cases of collapse and shock. 

(4) In small doses, as a useful agent 
in treatment of anorexia and certain 
forms of indigestion. 

(5) As a vasodilator and diaphoretic 
in certain infections, such as coryza, 
grippe, etc. 

(6) As a mild hypnotic in selected 
cases. 

(7) As an invaluable sedative of the 
nervous system, promoting general re- 
laxation and thus protecting against ex- 
cessive nen^ous strain. 

(8) As an analeptic agent in psychi- 
atric conditions, more particularly mel- 
ancholia and other depressive states. 

BTYMOLOGICAIi CONSIDERATION^^ 

The English world alcohol, as is well 
known, is of Semitic origin. It is an 
Arabic word, consisting of two parts, 
al and koh% al being the definite article 
and koh'l denoting a fine black powder, 
in reality a sulphide of antimony, or 
galena, obtained by sublimating anti- 
monium compounds. Alcohol, in Ara- 
bic, thus meant originally a very fine 
product of sublimation. The powder 
was used by ladies as a cosmetic for pen- 
ciling the eyebrows. Later, the term 
was applied to ‘‘ distillate or highly re- 
fined spirits, obtained from wine. The 
use of the same term for a sublimate and 
a distillate is, from a chemical point of 
view, not at all incongruous. In Span- 
ish, the word alcohol still retains two 
meanings, the older one denoting a pig- 
ment or dye and the later one denoting 
alcohol proper. 

Our colloquial term ‘‘booze'' is, ac- 
cording to Berthold Laufer,^® also partly 

C/. Lexica of Geniexuni, Furst, Ben 
Yehuda, and Ajuoh Cozopletum of Jaatrow. 

10 /our. Amer. Med, Aeeoc,, xlix, p. 60, 1929. 
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of Oriental origin. There is an old 
Persian-Arabic word, bdza or huza, de- 
noting an alcoholic beverage, made from 
millet, barley or rice, which is widely 
distributed over Asia, Europe and 
Northern Africa. This word, according 
to Laufer, is very possibly the same as 
our American booze. 

The term alcohol is not found in the 
Old Testament, although it has been in- 
troduced into modern Hebrew. In the 
Bible, however, we find a wealth of 
terms denoting wine and other alcohol- 
containing liquors. The etymological 
significance of these is of great interest 
and is briefly considered in this place. 
Yayin is the term for wine most fre- 
quently occurring in the Hebrew Bible. 
It is always applied to wine made from 
grapes and not to other so-called wines, 
prepared from various fruits or ber- 
ries. The etymology of this word, ac- 
cording to Rabbi S. R. Hirsch,^® is prob- 
ably from the Hebrew root yanah, which 
means to oppress. Thus, in Zephaniah 
iii: 1, we read ha-*ir horyondh, meaning 
the oppressing city. Again, in Jeremiah 
xlvi ; 16 and 1 : 16, we find the expression 
hereb yo-nah, which may be rendered 
the oppressive sword. The term to op- 
press is, of course, figuratively identical 
with the physical word to press and in 
the case of another Hebrew root, laha?, 
we find both meanings. Thus in Num- 
bers xxii: 25 and II Kings vi: 32, the 
verb laha^ means to press or squeeze^ 
while in Exodus iii: 9; xxiii: 9, and 
Judges i; 34, the same word is used in 
a sense of oppressing. The cognate root 
to ya/yin in Arabic, yawan, actually de- 
notes to press. It is therefore quite 
obvious that the word yayin refers to the 
expressed juice of the grape. 

The expression grape juice, or blood 
of grapes, as referring to wine, also 
occurs in the Old Testament. Thus, in 
Genesis xlix: 11, we read, 

i« < < Eommentar Eum Pentateuch, ' ’ loc. Gen. 
ix. 21. 


He washeth Mb gannents in wine (jyayini), 
and in the hlood of grapes his clothes. 

and in Deuteronomy xxxii : 14, 

Of the blood of the grape thou drankeet 
unxnixed wine (homBr). 

Another term for wine found in the 
Hebrew Bible is tiros. This is usually 
applied to a stronger form of wine than 
yayin and may be translated strong 
wine. The root of tirdS is probably 
from the Hebrew ydrdS^ which means to 
seize possession of or to inherit and re- 
fers probably to the overpowering effects 
of alcohol on the head. According to 
Hirsch, tiros may also come from the 
root yards, to inherit, denoting the in- 
heritance, or the “ leavings,'* of the 
grape after it has been squeezed. A 
popular derivation of the word tiroS is 
found in the Talmud (Yoma 76: b). 
Here we have a play on words of similar 
sound, one being tiroS, denoting wine, 
and the other rds, denoting poverty. 

The wise men say, ''He who indulges in wine 
(tirdS) beoometh poverty-stricken (rdi).'' 

Still another term for an alcoholic 
liquor found in the Hebrew Bible is 
Sikhor, generally translated strong 
drink. The same root gives the Hebrew 
word which denotes drunkenness. Hirsch 
calls attention to the phonetic relation 
between the roots sekhor and Sequer, the 
former denoting strong drink and the 
latter, a lie, and he points out the simi- 
larity of the two psychological states, 
drunkenness on the one hand, and dis- 
tortion of truth, or lying, on the other. 
Philologically, however, the root Sikhor 
is generally correlated with the root 
sdkhar, meaning to shut up or to be 
stopped up. Thus, in Genesis viii: 2, 
we read, 

The fountains also of the deep, and the win- 
dows of heaven were stopped (waiyyi-ioJchrO) . 

And in Psalm Ixiii: 12. 

The mouth of those that speak falsehood 
shall he stopped. 
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The idea of drunkenness here empha- 
sized is that of the stopping up of the 
normal channels of reasoning. A fur- 
ther proof of the relation between 
Sikhor and the root sikhar is that, in 
Isaiah xix: 10, the word to stop up is 
actually written with the letter 
Some translations of this passage take 
the word idkhar from the root meaning 
to hire and read as follows, 

Thej that earn wages aliall be grieved in 
soul. 

In the new translation of the Jewish 
Publication Society, 1917, however, the 
denotation of stopping up is chosen as 
more appropriate and we read the fol- 
lowing. 

All they that make dams shall be grieved in 
loul. 

Still another word for wine found in 
the Bible is hdmP.r, really denoting must 
or fermenting grape juice, from the root 
hdmdr, to be in ferment or to be agitated. 
Thus we find this word in Deuteronomy 
xxxii : 14, 

Thou drankeet unmixed wine {hdmir). 

And in Isaiah xxvii : 2, 

Sing ye a song of the vineyard of excellent 
wine (hOmSr). 

In addition to the meaning fermentor 
tion, the root hamdr also signifies to 
muddle, and a noun, hdmer, derived 
from the same root, denotes mud or jmire. 
Compare Isaiah x: 6 and Job xxx: 19: 

I give him a charge ... to render them 
trodden down like the mire of the streets. — He 
hath cast me into the mire. 

This idea of muddling is regarded by 
some as the basic significance of hom^r, 
wine, referring to the muddling or cloud- 
ing of the mind by too much drink. 

Two other words denoting wine are 
found in the Old Testament. These are 
misdkh and mSsSg, both from closely al- 
lied roots, each denoting mixing. These 
terms are applied not to pure wine but 
to mixed wine or wine which has been 


doctored with spices, etc. The word 
mez^g occurs in Canticles vii: 3, in 
which we read, 

Thy navel is like a round goblet which lack- 
eth not the mixed wine (mMg), 

and the word mMkh, which also signi- 
fies a mixed or doctored drink, is found 
in Psalm Ixxv: 9, 

The wine {yayim.) foameth, it is full of mix* 
ture (mMJeh). 

Examination of Biblical Passages 
(1) Wine as Food 

The Hebrew Bible contains some two 
hundred passages referring to wine, 
strong drink and other alcoholic bever- 
ages. By far the largest number of such 
references speak of wine, or fermented 
grape juice, as an agricultural product 
universally utilized as food or harmless 
beverage. Still other numerous passages 
in the Old Testament mention wine in 
connection with sacrificial rites, as an 
offering symbolizing one of man^s most 
cherished and valuable material posses- 
sions. It would require too much space 
to quote all such passages in reference 
to wine. The following, however, will 
serve as excellent examples, indicating 
the status of wine as food or daily bev- 
erage among the ancient Hebrews and 
other peoples mentioned in the Bible. 

And Melchizedek, king of Salem, brought 
forth bread and wine (yayin ) : and he was the 
priest of the moat high God. — Geneeia xiv: 18, 

Therefore God give thee of the dew of 
heaven, and the fatneaa of the earth, and plenty 
of com and wine (tirdS). — Oenesis xxvii: $8, 

And with the one lamb a tenth deal of fiour 
mingled with the fourth part of an hin of 
beaten oil; and the fourth part of an hin of 
wine {yayin) for a drink offering . — Exodw 
xxix: 40, 

And the meat offering thereof ihall be two 
tenth deals of fine flour mingled with oil, an 
offering made by fire unto the Lord for a sweet 
savour: and the drink offering thereof shall be 
of wine {yayin), the fourth part of an hin. — 
Leviticus xxM: 13, 

And the fourth part of an hin of wine 
{yayin) for a drink offering shalt thou prepare 
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with the burnt offerings or eacriflcei for one 
lamb . — Ntmbera xv: 6. 

And He will lore thee, and bless thee, and 
multiply thee: He will also bless the fruit of 
thy womb, and the fruit of thy land, thy com, 
and thy wine (tirdJI). — Deuteronomy vw: IS. 

That I will give you the rain of your land in 
its due season, the first rain and the latter rain, 
that thou mayest gather in thy com, and thy 
wine (tirdS), and thine oil . — Deuteronomy xi: 
U. 

And thou shalt bestow that money for what- 
soever thy soul lusteth after, for oxen, or for 
sheep, or for wine (l/aj/in), or for strong drink 
(ivkhar)^ or for whatsoever thy soul desireth: 
and thou shalt eat there before the Lord thy 
Ood, and thou shalt rejoice, thou, and thine 
household . — Deuteronomy xiv: £6. 

Yet there is both straw and provender for our 
asses; and there is bread and wine (yayin) also 
for me, and for thy handmaid, and for the 
young man . — Judges xix: 19. 

And when she had weaned him, she took him 
up with her, with three bullocks, and one ephah 
of flour, and a bottle of wine (yayin) y and 
brought him unto the house of the Lord in 
Shiloh. — I Samuel i: £4. 

And, behold, I will give to thy servants, the 
hewers that cut timber, twenty thousand mea- 
sures of beaten wheat, and twenty thousand 
baths of wine (yayin) y and twenty thousand 
baths of oil . — 11 Chronicles 9. 

Ho, every one that thirsteth, come ye to the 
waters, and he that hath no money; come ye, 
buy, and eat; yea, come, buy wine (yayin) and 
milk without money and without price . — Isaiah 
Iv: 1. 

Thou shalt sow, but thou shalt not reap; thou 
shalt tread the olives, but thou shalt not anoint 
thee with oil; and sweet wine (tir6S)y but shalt 
not drink wine (yayin). — Mioah vi: IS. 

Now that which was prepared for mo daily 
was one ox and six choice sheep; also fowls 
were prepared for me, and once in ten days 
store of all sorts of wine (yayin). — Nehemiah 
v: 18. 

And I will bring again the captivity of my 
people of Israel, and they shall build the waste 
cities, and inhalDit them; and they shall plant 
vineyards, and drink the wine (yayin) thereof; 
they shall also make gardens, and eat the fruit 
of them . — Amos ix: 14. 

Until I come and take you away to a land 
like your own land, a land of com and wine 
(tirdi), a land of bread and vineyards . — Isaiah 
xxxvi: 17, 

And the earth shall respond to the com, and 
the wine (tirdl), and the oil; and they shall 
respond to Jesreel.— ^Hosea ii: £4. 


Yea, the Lord will answer and say nnto His 
people. Behold, I will send you com, and wine 
(tirdS), and oil, eind yc shall be satisfied there- 
with . — Joel H: 19, 

Come, eat of my bread, and drink of the wine 
(yayin) which I have mingled . — Froverhs ix: S, 

And the king appointed them a daily pro- 
vision of the king’s meat, and of the wine 
(yayin) which he drank . — Daniel i: S. 

Go thy way, eat thy bread with joy, and 
drink thy wine (yayin) with a merry heart; for 
God now accepteth thy works.— iff oolemstcs 
ix: 7. 

(2) Wine as a Heart Stimulant 

One of the most important thera- 
peutic indications for administration of 
alcohol in medical practice is in circula- 
tory collapse, or syncope, in which cases 
its rapidly stimulating effects may be 
life-saving. While the exact mechanism 
of its action in such cases is a compli- 
cated one, as already discussed in the 
pharmacological section, the favorable 
results of alcoholic stimulation in such 
acute cardiac and other circulatory con- 
ditions are recognized by all physicians. 
How tersely, yet accurately, is this fact 
described in the Psalms I Here we read 
(Psalm civ: 15), 

Wine cheereth — that ia, etimulates — the heart 
of feeble man (’enoi). 

The word sdmah, to cheer, is closely 
related, according to the rabbis, to the 
root sdmah, to sprout or blossom. Wine 
stimulates or brings fresh energy and 
makes blossom the exhausted heart. 
The Psalmist warns us, however, that 
such a stimulation is but transient and 
that the real source of the heart’s 
strength must be proper food. 

But it is bread which giveth sustenance to a 
man’s heart. 

Every pathologist is well aware that 
two of the most important causes of 
myocarditis, or degeneration of the heart 
muscle, are alcohol and syphilis. Ex- 
cesses in Baccho et Venere are respon- 
sible for numerous deaths from heart 
disease. In Hosea (iv: 11), a single line 
states with marvelous soientifle insight 
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these two most important etiological fac- 
tors of myocardial degeneration, 

Whoredom and wine and new wine take away 
the heart. 

A third vice conducive to degenera- 
tion of the arteries and weakening of the 
heart is often classed with the two pre- 
ceding, namely, gluttony. In this con- 
nection, compare Proverbs xxiii : 20, 

Be not among winebibbcrs: among riotous 
eaters of flesh. 

The well-known association of alcohol 
and dissipation is succinctly stated in 
the Midrash (Bamidbor Rabba 10: 3), 

'Wherever there is drunkenness, there is also 
incest. 

The description of Nabal’s illness and 
death, given in I Samuel xxv: 36-38, 
is of considerable pathological interest. 
We read that this individual was ad- 
dicted to excessive drinking to the ex- 
tent of becoming unconscious. Such re- 
peated excesses evidently affected his 
heart and blood vessels, for an acute 
emotional crisis brought on an apoplectic 
stroke and death. The following is the 
Biblical account : 

And Abigail came to Nabal; and, behold, he 
held a feast in his house, like the feast of a 
king; and Nabars heart was merry within him, 
for ho was very drunken: wherefore she told 
him nothing, less or more, until the morning 

But it came to pass in the morning, when the 
wine was gone out of Nabal, and his wife had 
told him these things, that Hia heart died within 
him, and he became as a stone. 

And it came to pass about ten days after, 
that the Lord smote Nabal, that he died. 

(3) Exhaustion and Shock 

The beneficial effects of wine and 
alcohol in shock and other states of great 
exhaustion were well known in ancient 
times. The following passages in the 
Bible give proof of this: 

Give strong drink unto him that is about to 
perish . — Proverbs xxxi: 6, 


They say to their mothers. Where is ooru 
and winet when they swooned as the wounded 
in the streets of the city . — Lamentations H: IB, 

The king said unto Ziba, What meanest thou 
by these? And Ziba said, The asses be for the 
king’s household to ride on; and the bread and 
summer fruit for the young men to eat; and the 
wine, that such as be faint in the wildemese 
may drink . — 11 Samuel xvi: B. 

(4) Effects on the Nervous System 

Ethyl alcohol, in common with all 
alcohols, exerts its principal pharmaco- 
logical action on the central nervous 
system. It is therefore gratifying to 
find that many of the passages refer- 
ring to wine and alcoholic liquors in the 
Hebrew Bible dwell in particular on 
the various neurological and psycho- 
logical effects of drinking. 

The striking loss of motor coordina- 
tion, or staggering, produced by alcohol^ 
is vividly pictured in Psalm lx : 5 : 

Thou hast made Thy people to see hard 
things; Thou hast made us to drink the wine 
(yaym) of staggering. 

Again, in Isaiah xxix : 9, we read : 

Stupefy yourselves, and be stupid I Blind 
yourselves, and be blind I ye that are drunken, 
but not with wine {yayin)^ that stagger, but 
not with strong drink {SSTchor). 

The hypnotic and anesthetic effects of 
liquor are mentioned in Genesis xix : 32, 
33: 

Come, let us make our father drink wine 
(yayin), and we will lie with him, that we may 
preserve seed of our father. 

And they made their father drink wine 
(yayin) that night . . . and he knew not when 
she lay down, nor when she arose. 

The deep sleep produced by wine is also 
indicated by the story of Noah, Gtenesis 
ix: 24: 

And Noah awoke from his wine (yayin), and 
learned what his younger son had done unto 
him. 

The story of Noah and his vineyard 
is a direct refutation of the alien 
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thoughts read into the Bible by those 
who assert that the wine of the Old Tes- 
tament was not alcoholic. Noah not 
only drank wine, but also became intoxi- 
cated and, furthermore, gave an excel- 
lent demonstration of the sleep-produc- 
ing potency of liquor (Genesis ix: 20, 
21, 22, 24) : 

And Noah began to be an husbandman, and 
he planted a vineyard: 

And he drank of the wine (yaym), and was 
drunken; and he was uncovered within his tent. 

And Ham, the father of Canaan, saw the 
nakedness of his father, and told his two breth- 
ren without. , . . 

And Noah awoke from his wine (yayin), and 
learned what his younger son had done unto 
him. 

The ancient Hebrews, in common with 
other nations of antiquity, employed 
alcohol for deadening pain just as anes- 
thetics are employed to-day. Pharma- 
cologically large doses of alcohol deaden 
the pain areas in the cerebrum and 
produce unconsciousness, or general 
anesthesia, like ether and chloroform. 
This property was made use of in con- 
nection with capital punishment. The 
Hebrews inflicted the death penalty 
when warranted by the nature of the 
crime committed, but in all cases it was 
considered a duty to render the inflic- 
tion of death in a merciful and painless 
manner. For this reason, the condemned 
were made to drink large quantities of 
liquor or strong wine, which were often 
also mixed with various narcotics. Thus, 
in the Talmud (Sanhedrin 43 a), we 
learn that when a person was about to 
be put to death, he was given to drink 
a cup of wine with a dose of lehdnah. 
Again, in the Midrash Babba (Shemoth 
Babba 84), we find a statement that all 
those doomed to capital punishment were 
given wine to drink that they might not 
suffer. It is interesting to note that 
certain passages in the Old Testament 
also refer to this custom. Thus, in 
Amos ii ; 8, we read : 

And they lay themselves down upon clothes 
laid to pledge by every altar, and they drink 


the wine (yayin) of the oondemned in the house 
of their god. 

One of the most important and undis- 
puted therapeutic effects of alcoholic 
beverages is in certain psychiatric con- 
ditions characterized by depression, such 
as melancholia, etc. In this connection, 
the famous passage in Proverbs xxxi : 6, 
7, is of special interest: 

Give strong drink (Sekhor) unto him that is 
about to perish, and wine (yayin) unto the bit- 
ter in soul. 

Let him drink, and forget his poverty, and 
remember his misery no more. 

The stimulating effects of wine in de- 
pressive states are also described in 
Ecclesiastes x : 19 : 

A feast is made for laughter, and wine 
{yayin) maketh glad the life. 

In discussing the cerebral effects of 
alcohol in the pharmacological section 
of this paper, mention was made of the 
moot question in regard to the stimu- 
lating effects of alcohol on the brain. It 
was pointed out that, according to the 
Binz school, small doses produced a true 
primary stimulation of the nervous ele- 
ments, whereas, according to Schmiede- 
berg and his school, such a stimulation 
was really due to a release of inhibitions. 
Several passages in the Hebrew Bible 
hint at the pseudo-stimulation produced 
by alcohol. Thus, in Proverbs xx: 1, 
we read, 

Wine {yayin) is a mocker, strong drink 
{SSkhor) is raging; and whosoever is deceived 
thereby is not wise. 

The loss of self-control, the boastful- 
ness, recklessness and display of emo- 
tionalism after excessive drink are but 
too well known. Many passages in the 
Bible refer to such states. Thus, in 
Habakkuk ii: 5, we find this descrip- 
tion. 

He transgresseth by wine (yayin), he is a 
proud man. 

Again, in Isaiah v: 22 and xxii: 13, 
we read: 
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Woe unto them that are mij^htj to drink 
wine (yayin)f and men of strength to mingle 
strong drink (Ukhar), 

And behold joy and gladness, slaying oxen, 
and killing sheep, eating flesh, and drinking 
wine (yayin ) ; let us oat and drink, for to- 
morrow we shall die. 

While wine and alcohol have their 
proper place in therapeutics in stimulat- 
ing the spirits of the depressed and 
hypochondriac, the Bible clearly indi- 
cates, in agreement with the latest find- 
ings of experimental psychology, such as 
those of Kraepelin, Benedict and others, 
that the imbibition of alcoholic beverages 
is not conducive to very accurate psy- 
chological performance, either in the 
neuro-muscular sphere or in the higher 
intellectual processes of the cerebrum. 
It is interesting to note that the drinking 
of wine or liquor is prohibited to leaders 
in Israel, whether legislative or judicial 
or executive or purely religious, during 
the performance of their respective 
duties or tasks. In Leviticus (x; 9) is 
an injunction given to the priests not to 
partake of wine or strong drink when 
going into the tabernacle of the congre- 
gation for the performance of religious 
rites. 

Do not drink wine (yayin) nor strong drink 
(Sdkhar)j thou, nor thy sons with thee, when ye 
go into the tabernacle of the congregation, lest 
ye die: it shall be a statute for ever through- 
out your generations. 

Again, in Ezekiel xliv : 21, we read : 

Neither shall any priest drink wine (yayin) 
when they enter into the inner court. 

The king, whose name, according to a 
beautiful Hebrew legend, is a mnemonic 
of his duties, is also warned to abstain 
from alcoholic excesses. The Hebrew 
word for king, MeLeK, consists of three 
consonants, M, L and K. Each of these 
letters, according to the Rabbis, is the 
abbreviation of a preposition : M, stand- 
ing for min, denotes from; L is the 
Hebrew preposition to; and K is the 
comparative particle, meaning as or like. 


The Hebrew ideal of a king was that of 
an exalted paragon, a personage from 
whom authority came, to whom every 
one appealed for justice and a noble 
character like whom his subjects should 
try to be. In order to perform his func- 
tions most faithfully, it is well for the 
king not to drink. 

It is not for kings, O Lemuel, it is not for 
kings to drink wine (yayin) ; nor for prinoei 
strong drink (SSkhar). — Proverbs xxi: 4, 

Isaiah denounces the priests and the 
prophets, teachers of the people and 
their spiritual leaders, for erring in 
judgment and other duties through their 
devotion to drink. 

But they also have erred through wine 
(yayin), and through strong drink (SSkhar) are 
out of the way ; the priest and the prophet have 
erred through strong drink (SSkhar), they are 
swallowed up of wine (yayin), they are out of 
the way through strong drink (SSkhar) ; they 
err in vision, they stumble in judgment . — Isaiah 
xxviii: 7, 

(5) Toxicological Phenomena 

A wealth of information is to be 
gleaned from the Old Testament con- 
cerning both milder forms and extreme 
manifestations of alcoholic intoxication. 

The congestive and inflammatory 
effects of habitual drink are described 
in Isaiah v : 11 : 

Woe unto them that rise up early in the 
morning, that they may follow strong drink 
(SSkhar) ; that continue until night, till wine 
(yayin) inflame them! 

Exaggerated self-confidence and boast- 
fulness are described in Isaiah v: 22 : 

Woe unto them that are mighty to drink wine 
(yayin), and men of strength to mingle strong 
drink (SSkhar), 

and again in Habukkuk ii : 5, 

He transgroBseth by wine (yayin), he is a 
proud man. 

Oarrulousness and loud talk are men- 
tioned in Zeehariah ix : 15 : 
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They shall drink, and make a noise as 
through wine (yayin ) ; and they shall be filled 
like bowls, and as the comers of the altar. 

Inflammation of the mucous mem- 
branes, more particularly, of the eyes, is 
cited in Genesis xlix ; 12, 

His eyes shall be red with wine (yayin), and 
his teeth white with milk. 

The revolting picture of the tippler’s 
gastritis is strongly depicted in Jeremiah 
XXV ; 27 and xlviii : 26 : 

Drink ye, and become drunken, and vomit, 
and fall, and rise no more. 

Make him drunken; for he magnified himself 
against the Lord ; and Moab shall wallow in his 
vomit and ho also shall become an object of 
derision. 

The deteriorating effects on the vision, 
as well as on the brain, are mentioned in 
Isaiah xxix : 9 : 

Blind yourselves, and be blind I ye that are 
drunken. 

Two verses from the prophets are of 
unusual interest because of their vivid 
description of the extreme and acute 
alcoholic intoxication. To appreciate 
these, a careful study and accurate 
translation of the original text are 
necessary. Jeremiah li: 39, in the au- 
thorized version, is translated thus : 

In their heat I will make their feasts, and I 
will make them drunken, that they may rejoice, 
and sleep a perpetual sleep, and not wake, saith 
the Lord. 

The widely used Jewish translation 
by Leeser gives practically the same 
interpretation with perhaps a slightly 
clearer meaning : 

When they ore heated will I prepare their 
drinking-feasts, and I will make them drunken, 
in order that they may be joyful, and sleep a 
perpetual sleep, and not awake again, saith the 
Lord. 

This verse, however, in the light of 
the most recent philological researches is 
more correctly and appropriately to be 
construed as follows : The Hebrew 


b'hummam, ordinarily rendered as in 
their heat, can be equally well derived 
from the root hemah, meaning poison, 
and the verb ya^alozu, ordinarily taken 
from the root *alaz, to rejoice, may be 
interpreted, according to another Mas- 
soretic reading, as coming from the root 
^alaf, meaning to tremble,^’' The sense 
of the passage is therefore as given by 
the latest translation, published under 
the auspices of the Jewish Publication 
Society:^® 

With their poison I will prepare their feast, 
and I will make them drunken, that they may 
be convulsed, and sleep a perpetual sleep, and 
not wake, saith the Lord. 

Here we have a graphic description 
of delirium tremens, or convulsions, in- 
duced by excessive quantities of alcohol, 
which are followed by coma and death. 

Another passage describing the coma 
induced by alcoholic intoxication of ex- 
treme degree is to be found in Nahum 
hi: 11. Here the verb root ^alam, ren- 
dered in the authorized version to be 
hidden, has also in Hebrew the well- 
substantiated meaning of fainting or 
swooning, which gives a much more 
grammatical and pharmacologically more 
appropriate translation : 

Thou also shalt be drunken, thou shalt 
swoon ; thou also shalt seek a refuge because of 
the enemy. 

(6) Proverbs xxiii: 29-35 

This passage in the Book of Proverbs 
is a classical description of the psycho- 
logical and pharmacological effects of 
excessive alcoholic drinking and deserves 
a more detailed examination on that ac- 
count. Certain portions of this descrip- 
tion, as given in most translations of the 
Bible, are remarkably obscure and 
almost incomprehensible. A careful 
study of the Hebrew text, however, in 
the light of both physiological and phar- 

17 Kittel, Edition of Hebrew Bible, 

i«New English Trans. Hebrew Bible, Phila- 
delphia, 1917. 
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macological investigation, proves it to be 
of even greater interest than was ordi- 
narily supposed. The late Professor 
Paul Haupt has called attention to sev- 
eral difficulties encountered in the trans- 
lation of these verses in a paper, pub- 
lished in the Journal of Biblical Litera- 
ture, which was intended to expose the 
fallacy of certain individuals who at- 
tempted to prove that wine referred to 
in the Bible was non-alcoholic, and some 
of his Hebrew renditions are extremely 
enlightening.^^ 

29 Who hath woet -who hath sorrow? 

Who hath contontiona? who hath babbling! 
Who hath wounds without cause! 

Who hath redneaa of ryes! 

30 They that tarry long at the wine; 

They that go to seek mixed wine. 

31 Look not thou upon the wine when it is red, 
When it giveth his colour in the cup, 

When it moveth itself aright. 

32 At the last it biteth like a serpent, 

And stingeth like an adder. 

33 Thine eyes shall behold strango women 
And thine heart shall utter perverse things. 

34 Yea, thou shalt bo aa one that lieth down 

in the midst of the sea, 

Or as he that lieth upon the top of a mast. 

35 They have stricken me, shalt thou say, and 

I was not sick; 

They have beaten me, and I felt it not: 
When shall 1 awake! 

I will seek it yet again. 

The most interesting part of this quo- 
tation is verse 34, yet it is difficult to 
make common sense of the English as 
given above. What is meant by ‘‘lying 
down in the midst of the sea,^’ and still 
more, how can one “lie upon the top of 
a mast“? The first question can be 
easily answered. Professor Haupt calls 
attention to the fact that the Hebrew 
expression leb yam, the heart of the sea, 
expresses figuratively the bosom of the 
sea, that is, the waves of the high sea. 
The correct translation is therefore, as 
one that is sailing on high seas and con- 
sequently nauseated, dizzy and seasick. 
The Hebrew expression sokeb be-r8i 

Haupt, Jour. Biblical lAt,, zzxv, p. 75, 
1917. 


hibbil, rendered as “lying on the top of 
a mast,“ is even more mystifying. The 
Hebrew word ros, meaning head, has 
been shown by Professor Haupt to refer 
in this passage to opium.®® The power- 
ful alkaloids of opium are obtained by 
incisions around the caputa, or heads, 
of the poppy, Papaver somniferum, and 
the Hebrew word ros, or head, in this 
verse most likely denotes the narcotic 
poppy head. In the Old Testament, 
ros, the bitter poison of the poppy head, 
is repeatedly mentioned in connection 
with Wanah, wormwood or absinthe 
(Jeremiah viii : 14 ; ix : 15, etc. ) . Again, 
the expression me ros is appropriately 
translated as juice of the poppy head. 
We have already remarked that the 
Talmud relates that a cup of wine with 
lebonah was given to criminals before 
their execution. The word lebonah, 
although ordinarily applied to one of 
the ingredients of incense, is also used 
in general for a bitter aromatic drug 
such as opium. 

As regards the word Jiihbil, rendered 
as mast, an entirely different translation, 
more correct philologically and certainly 
more appropriate pharmacologically, can 
be given. The word hibbil can be gram- 
matically written hobel, a present par- 
ticiple from the root h^bal, meaning to 
bruise, injure, knock out, destroy. The 
expression ros hobel, therefore, means 
literally the “ knock-out “ or injurious 
poppy and refers to the stupefying or 
narcotic effects of opium. Compare the 
slang expression, “knock-out drops,” 
applied to the powerful hypnotic chloral. 
The author of the Proverbs wishes to 
convey the idea that an excessive dose 
of alcohol produces a drunken stupor 
much like the narcotic effect or stupor 
of opium or dope. The translation by 
Professor Haupt vividly sketches the 
salient features of acute and habitual 
alcoholism, emphasizing at the same time 
the similarity of action between alcohol 

M Haupt, Ftoc, Amer. PhUaaoph, Boo., April 
25 , 1915 . 
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and various narcotic drugs. This is 
exactly in accord with the most modem 
views of pharmacologists. The narcotics 
(opium), the hypnotics (chloral), and 
the general anesthetics (ether and 
chloroform) are pharmacologically all 
drugs belonging to one class, the great 
group of compounds acting primarily 
upon the brain and central nervous sys- 
tem. Professor Haupt^s translation of 
the lines before us is a grammatically 
accurate one and, pharmacologically, an 
astoundingly true and vivid one. 

29 Who has woef and who has misery I 
Who has brawls t and who has grief I 
Who has wounds without any cause 1 
And who has dimness of eyes 9 

30 Those who linger long o^er the wine, 

Who come to try the mixture. 

31 Look not on the wino that is red, 

When it gives its gleam in the cup; 

32 It glides down smoothly, but at last 
It is like a viper that stings. 

33 Thine eyes will see strange things, 

Thy heart will blab queer things; 

34 Thou’lt feel as one sailing the high seas 
Or as one put to sleep by poppy. 

35 If they hit me, I was not sore; 

If they struck me, I did not feel it. 

As soon as I wake from my wine, 

I shall surely try it again. 

Comment 

From the standpoint of modern phar- 
macology, a critical examination of the 
numerous Biblical passages cited above 
leads to some very interesting and de- 
lightfully refreshing conclusions. We 
find in the Hebrew Bible an extraordi- 
narily well-balanced and scientifically 
up-to-date and complete account of the 
various physiological, pharmacological 
and toxicological properties of ethyl 
alcohol. 

Alcoholic beverages in moderation are, 
strictly physiologically speaking, of 
some value as foods, and the Old Testa- 
ment affords abundant proof of their 
having been regarded as such by the 
ancient Hebrews. 

Wine and alcohol, from the standpoint 
of modem pharmacology, are of unques- 


tionable value as a medicament in a 
series of clinical and pathological con- 
ditions, the most important of which are 
shock, cardiac failure, insomnia, nervous 
exhaustion and mental depression. The 
beneficial effects of wine and strong 
drink, when taken in moderation, for 
each and every one of these conditions, 
are unequivocally attested in the Hebrew 
text. If the modern pharmacologist and 
practicing physician would include un- 
der its medicinal applications the em- 
ifioyment of alcohol pharmaceutically, 
as for the extraction and preparation of 
drugs, for which purpose it has always 
been indispensable from remote an- 
tiquity to the present time, we should 
fully agree with the epigrammatic 
dictum of the Talmud, which apostro- 
phizes as follows: 

I, alcohol, am at the head of all medicaments. 
— Baba Bathra 58, h. 

The dangers of abuse and of excessive 
drink, however, are just as emphatically 
described in the Bible as are its medi- 
cinal values, and the description's of 
alcoholic poisoning of all degrees have 
been shown to be unsurpassed in their 
accuracy and forcefulness. The danger 
of alcoholic excesses, according to the 
Book of Books, does not result in the 
absolute prohibition of the use of alco- 
hol, no more than that of other drugs. 
The writer, as a pharmacologist, can not 
refrain from quoting an apt expression 
frequently employed by his distin- 
guished teacher. Professor John J. Abel, 
who in his lectures used to say, ‘‘The 
molecule of CeHoOH is not distinguished 
from molecules of other drugs or thera- 
peutic agents by a distinctive and pecu- 
liar poison label.” All drugs are also 
poisons. How a given drug will act, 
whether as a medicament or harmful 
agent, will depend on dosage, on the 
patient or subject taking it and on 
numerous other conditions.*^ Ethyl 

91 Macht, The Maryland Pharmacist, p. 187, 
1927. 
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alcohol^ or grain alcohol, is but a single 
member of a large series of chemical 
compounds known as alcohols, the vast 
majority of which are very much more 
poisonous and harmful. In a purely 
scientific investigation, the author has 
shown elsewhere that all alcohols of the 
fatty acid series are intoxicating and 
their toxicity increases with their molecu- 
lar weight, with the exception of 
methanol, or wood alcohol, which, while 
being lower than ethyl alcohol in the 
chemical aeries, is of an especially poi- 
sonous nature owing to the formation of 
destructive compounds in the animal 
body when it is taken internally.** On 
the other hand, ethyl alcohol is excep- 
tional in its low toxicity because a cer- 
tain amount of it can be burned up in 
the body and utilized as a food.** An 
even more remarkable phenomenon has 
been demonstrated recently by Macht 
and Leach, who have shown that small 
doses of wood alcohol combined with 
grain alcohol produce a mixture which is 
even more poisonous than methanol in 
pure form.** Macht and Ting** have also 
demonstrated experimentally that even 
the so-called polyhydric alcohbls, such as 
glycol, glycerine and even the solid 
mannitol, are, pharmacologically speak- 
ing, intoxicating and differ in their nar- 
cotic effects from ordinary alcohol and 
from each other only in respect to 
dosage. The writer and his coworkers** 
have further demonstrated, in a com- 
parative study of ellcohol, caffeine and 

M Macht, /ow. Phann, and Svpar, Tharap,, 
XTi, No. 1, p. 1, 1920. 

Macht, American Dmggiti, Ixxix, No. S, p. 
12, 1929. 

Macht and Leach, Proe, Sco* far Sxper. 
Siol and Med,, xxri, p. 380, 1929. 

SB Macht and Ting, Amer, Jfawr. PSpeioL, lx, 
No. 3, p. 496, 1922. 

Macht, Bloom and Ting, Amor, Jam", 
Phpeiol, Ivi, No. 2, p. 264, 1981. 


nicotine, administered in minute doses, 
comparable to the amounts of these sub- 
stances taken by human beings in their 
every-day beverages and in moderate 
smoking of tobacco, that of the three 
chemical substances of drugs thus in- 
gested or absorbed the nicotine was by 
far the most poisonous, Next in order 
came caffeine, and alcohol was the least 
harmful. Such scientific data in regard 
to alcohol are strikingly in accord with 
the accounts of its action on man de- 
scribed repeatedly in the universally 
revered and fascinating literary text be- 
fore us. The status of fermented grape 
juice and strong drink, as given in the 
Bible, may perhaps be most appropri- 
ately summarized by two quotations 
from the text. 

The trees went forth to anoint a king over 
them; and they said unto the olive tree, Beign 
thou over us. 

But the olive tree said unto them, Should I 
leave my fatness, wherewith by me they honour 
God and man, and go to be promoted oter the 
trees? 

And the trees said to the flg tree, Gome thou, 
reign over us. 

But the flg tree said unto them, Should I for- 
sake my sweetness, and my good fruit, and go 
to be promoted over the trees? 

Then said the trees unto the vine, Come 
thou, reign over ua 

And the vine said unto them. Should 1 leave 
my wim, which cheereih Qod and man, and go 
to be promoted over the trees? — Judges ia: 
S^IS. 

Thus saith the Loan, As the new wine is 
found in the cluster, and one saith. Destroy it 
not; far a blessing is in it; so will 1 do for my 
servants’ sakes, that I may not destroy them 
all.^ — Isaiah lav: 8, 

A pharmaeologioal appreciation of 
Biblical allncions to alcobol leads us to 
but a sini^s logical conolaaion : tbc Book 
of Books is in oompletb accord with the 
most modem and adranoed experimsntaL 
data on the subject 
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One h(‘ars tlie expression that 

tj^niost of onr major insect pests are of 
foreipi origin/’ but so far as the writer 
lias been abh* to learn, actual data bear- 
ing on this subject have not been coin- 
])iled in recent years. Thirty-two years 
ago Dr. L. O. Howard, in an interesting 
paper entitled ‘‘The Spread of Land 
Species by the Agency of Man,”^ dis- 
cussed the interchange of species betwisni 
countries, with s[M*cial reference to in- 
sects, and pointed out tliat of the sev- 
enty-thre(» species considered by him to 
be at that time ot‘ jirime economic im- 
[lortance, thirty were native to th<‘ 
United States, thirty -S(‘ven species had 
been introduced from foreign countri<*s 
' and six were of doubtful origin. Sinci* 
that time several jiests of great economic 
importance have found their way to the 
North American continent, and perliaps 
some of our own native insects, for one 
reason or another, have become changed 
in status in such a way as to requin* 
their classification with the pests. 

In recent years entomologists have 
been ])aying increasing attcnlion to two 
phases of their jirofession : quarantine 
Work and the control of pests by the bio- 
logical method. In both thi^se branches 
of economic entomology the origin and 
distribution of plant-feeding insects is 
of great interest and of fundamental im- 
portanec. Not long ago the writer had 
occasion to look into this question, and it 
was thought that perhajis some of the 
data secured might be of interest to 
others. 

It is extremely difficult, as I am sure 
every one recognizes, to determine just 

1 Proe. Am. Ass. Adv. Scifnce^ XLVI, 1897. 


Avhat insect pests should and which 
should not be considered of prime eco- 
nomic imiiortance, 

I have started with the assumption 
that only insects of economic importance 
an* discussed in the various text-books 
of <‘con()mic entomology now available. 
Ill a few instances I have eliminated 
insects of obviously minor importance 
and of restricted disti-ibution, included 
in th(‘se works because of special in- 
t(*rest to the author. I lune added a 
few imjiortant insect pests found in the 
western states, such as the black scale, 
citrophilus mealybug and beet leaf hop- 
f)er, not generally n‘f erred to in text- 
books. The list so selected Avas then 
checked against the Index of Economic 
Entomology, all those having less than 
t<‘n references being eliminated. The list 
thus decided upon I believe may be con- 
sidered as reiiresenting the consensus of 
(*|)inion of Am(*rican entomologists as to 
which insects are of economic impor- 
tance. Only insects destructive to plants 
and jilant products are included. 

By this method a list of 188 species 
was obtained of Avhich 81 are of un- 
doubted foreign origin, a total of 44.2 
per cent. Of the remaining 102 species 
it is entirely t)robable that some are of 
foreign origin. I have made no attempt 
to consult the latest taxonomic works and 
it is possible that some of the species 
designatycd as native have already been 
determined by systematists to be of 
foreign origin, these determinations not 
yet having found their way into eco- 
nomic literature. The figure indicating 
that of all insects of economic impor- 
tance in America 44.2 per cent, are of 
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foreign origin is, 1 believe, conservative, 
and will undoubtedly be enlarged as 
further studies on geographical distribu- 
tion are made. Since 1 am including 
the entire North American continent in- 
stead of the United States ])roi)er, that 
most destructive of pests, the cotton boll 
weevil, falls in the “native” category. 
This I have done Ix^cause it seemed de- 
sirable to distinguish between the in- 
vasion of ])ests through commercial ex- 
change and invasion through natural 
spread brought about, as in the ease of 
the cotton boll weevil, through exten- 
sion by man of the culture* of the host 
plant in such a way as to bridge the 
natural barrier to distribution. Such an 
invasion, from an ecological view-point, 
does not differ from the spread of a 
native species within the confines of the 
United Htates as exemplified by the 
potato beetle. 

Of the seven orders in which the 183 
species of insect jicsts fall, the llemip- 
tcra have the honor of ranking first in 
number of species, there being fifty-four 
in this group, of which twenty-three are 
introduced and thirty-one are native. 
Hanking next to the Ilemiptera are the 
Lepidoptera wuth fifty species, of which 
twenty-three are introduced and twenty- 
seven are native. Following in order of 
numbers are the Coleoptera with forty- 
two species, of which nineteen are intro- 
duced and twenty-three are native; the 
Diptera with eleven, of which five are 
introduced and six are native; the Ily- 
menoj)tera with eight, of which four are 
introduced and four are native ; the 
Orthoptera wuth seven, all of which are 
native, and the Thysanoptera with six, 
of which two are introduced and four 
are native. As previously stajted, many 
of the species designated as native would 
more properly be considered as of doubt- 
ful origin. 

Taking the number of introduced spe- 
cies, the Hemiptera and Lepidoptera tic 
for first, place with twenty-thr,ee species 


each, followed by Coleoptera with twelte; 
Diptera wuth five, Ilymenoptera with 
four, Thysanoptera with two and Or- 
thoptera with none. 

In percentage of introduced to total 
number of s))ecies of that order classed 
as pests, the ranking is as follows: Hy- 
menoptera, uO per cent. ; Lepidoptera, 46 
per cent.; Diptera, 45.4 per cent.; Cole- 
optera, 42.5 per ee‘nt. ; llemiiffera, 42.5 
per cent. ; Thysanoptera, 33.3 per cent., 
and Orthoptera with none. While the 
wu-iter admits that this ranking may be 
questioned because of the somewiiat arbi- 
trary method of selecting the s])ecies, 
these figures provide a basis for some 
interesting speculation . 

The frequency of transportation of 
insects from one country to another 
should be directly proportional to the 
adaptability of the species to carriage 
through the channels of commerce ; and 
the freqvumcy of establishment should be 
proportional to their adaptability to the 
environment in which they find them- 
selves when they reach their destination. 
The frequency of successful introduc- 
tions of foreign insects should, therefore, 
be proportional to the degree with which 
these two requirements are met. It is 
of interest to look into this question and 
see if the facts fit the theory. 

All the important Ilymenoptera in this 
list of agricultural pests are sawflies. 
These insects, because of the habit of 
deferred emergence from cocoons fre- 
quently found in this family, are par- 
ticularly well adapted to successful 
transportation through plant shipments. 
Some species spin their cocoons on the 
twigs and leaves of conifers and are 
easily transported in this way. Others, 
like the pear slug, spin their cocoons in 
the soil, and these would seem less likely 
to be transported, although they might 
easily come in in soil surrounding balled 
ornamentals grown between the rows of 
fruit trees, as is often done in districts 
of intensive cultivation. After having 
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boon brought t(V America in some such 
way as mentioned, what are the possi- 
bilities of their becoming permanently 
established? Arriving on living plants, 
or in soil containing living j)lants which 
are to be planted out, conditions would 
seem to be ideal for their coloJiization, 
so far as environmental factors art^ con- 
cerned. But the one factor which makes 
for their successful establishment and 
which transcends all others in impor- 
tance is their ability to reproduce par- 
thenogenetically. Many s])ecies of saw- 
flies have this faculty, and most of them 
are thelyotokous, regu la rly producing 
female progeny only, for generation 
after generation, without fertilization. 
In fact, in many sj)ecies males are en- 
tirely unknown or are. very rarely en- 
countered. 

It is undoubtedly a fact that one thing 
which oi)erates strongly against the suc- 
cessful establishment of introduced s})e- 
cies is lack of fertilization of the females. 
Most insects si'cm to have a strongly de- 
veloped instinct to disperse soon after 
eelosion takes place, and for this reason 
the chances are much against their meet- 
ing individuals of the opposite sex when 
they find themselves in a new environ- 
ment. Thelyotokous insects are not con- 
fronted with this difficulty, since a sin- 
gle female can successfully establish a 
.colony. The surprising thing is that we 
do not have more sawfly pests of foreign 
origin. 

The introduced Lepidoptera present 
such a variety of habits which have a 
bearing on their successful transporta- 
tion and establishment that it is difficult 
to assign any special reason for their 
apparent success in this direction. Of 
the twenty-three introduced species in 
the list three,; are practically cosmo- 
politan peats of stored products, the 
Indian meal moth, the Mediterranean 
flour moth and the Anguomois grain 
moth. It is not iiecesaary to look far for 
the reason for thear cosmopolitan distri- 


bution. The gipsy moth was brought to 
this country purposely but its establish- 
ment was an accident. In view of its 
habits it is rather surprising that there 
have not been more of the so-called 
“commercial jumps” in this species. 
While it generally lays its eggs on large 
tr(»es tlu^y are occasionally found on nur- 
sery stock and Christmas trees and even 
on lumber, stone, etc. The eggs are 
viable for several months after dejiosi- 
tion and when they are dejiosited on 
nursery stock there would seem to be an 
exeel lent opportunity for establishment, 
particularly in view of the large num- 
h(‘r oF eggs in a mass and in view of 
the fact that the females do not fly and 
could not, therefore, straj^ far from the 
center of infestation and fertilization 
thus be inhibited. For many yt^ars the 
federal government has maintained a 
quarantine on the infested area but 1 
l>elieve this has not always been the case. 

The browntail moth was undoubtedly 
introduced on nursery stock in the win- 
ter webs and has been intercepted from 
Europe many times since it became es- 
tablished. The conspicuousness of its 
hibt'rnating web makes it easy for in- 
spectors to detect it. This has probably 
been the factor which i)revented “com- 
mercial jumps” in this country. Its 
gregarious habits should make it a spe- 
cies which could easily become estab- 
lished. 

The codling moth, by reason of the 
habit of the larva of crawling into the 
crevices of apple boxes or into almost 
anything else where it finds shelter, has 
become almost cosmopolitan. Although 
its habits do not seem to have any fea- 
tures whicjh make it especially adapted to 
establishing colonies in a new region, the 
frequency with which it is transported 
tolfether with the difficulty of control- 
ling its spread by quarantine methods is 
responsible for its wide distribution. 

The peadh twig-borer, Anania linear 
tella, does not seem to be especially well 
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qualified for establishment in a new 
region, but this failing, as in the case of 
the codling moth, is counterbalanced by 
the ease and frequeiufy with which it is 
transported on account of its habit of 
spending the winter in the crotches of 
dormant nursery stock. It is also, of 
course, difficult to detect by inspection 
and must often be overlooked. 

Boring moths, such as Diatrea, Zeu- 
zera pyrina, Pyrausta nuhilalis and Sesia 
tipuliformis^ are es]x*cially well qualified 
for introduction, since inspection for in- 
sects of this type is impractical, and com- 
ing in on living plants used for propa- 
gation, they find conditions ideal for 
establishment when they reach their 
destination. 

Among the Diptera the outstanding 
introduced pest is, of course, the Hessian 
fly, supposed to have entered this co\in- 
try in grain straw during revolutionary 
times. Of the method of gaining en- 
trance there can be little (piestion, since 
it is difficult to imagine any other means 
by which insects of habits similar to this 
fly could be successfully transported to 
any great distance. Most of, the other 
Dipterous pests in the list are Phorbias, 
or Pegomyias, which spend the winter 
either as larvae or puparia in the soil. 
Any shipment of soil from infested dis- 
tricts might serve to carry these insects 
to now localities.^ The box leaf -miner is, 
of course, ideally situated for transpor- 
tation and establishment purposes, and 
it is surprising that this pest has not 
become more wide-spread. 1 have known 
of only one infestation in California, but 
that was severe, sho'wing that the pest 
thrives under our climatic conditions. 

Coleoptera, like the Lepidoptera, are 
of such varying habits that it is difficult 
to point to anything in particular to ex- 
plain their successful establishment in 
this country. There are many species 
of beetles infesting stored products, such 
as the Bruchids and Calandras, whose 
habits fit them so well for transportation 


and establishment that they have become 
cosmopolitan in distribution. 

The grape root-worm, Adoxus oh- 
scums, may be circum|)olar, but if not it 
was undoubtedly introduced in soil. 
This beetle, like the sHwfiies, is thelyoto- 
kous, female })rogeiiy being produced 
parthenogenetically, the males being ex- 
tremely rare. The grape root -worm has 
become widely distributed on both the 
Eurasian and North American conti- 
nents, ])robably as a result of this method 
of reproduction. 

The introdnetioii of the alfalfa weevil 
is rather diffieult to aeeount for, since it 
seems to have no habits whieh fit it par- 
tieularly well either for trans]>ortation 
or for establishment. Tlu‘ adult weevils 
erawl into hay, straw or rubbish for 
hibernation, and it may have entered 
this country in that manner. The adult 
female beetles an* fertile wlu'u they go 
into winter quarters and the importa- 
tion of a few hibernating adults, if they 
escaped into an alfalfa field, might be 
sufficient to establish a colony. Once 
established in this country it is not diffi- 
cult to account for its spread, since in 
California as many as eighty-two live 
adult weevils have been taken from a 
single camp outfit, the owners of whieh 
spent the night in the infested region of 
Reno, Nevada. 

Scolytus rugnlosus was undoubtedly 
introduced in nursery stock, and the 
sweet potato weevil in sweet potato 
tubers. 

It is interesting to note that we have 
received from foreign countries practi- 
cally no large wood-boring beetles of the 
families Ceramhycidae and Buprestidae. 
The habits of these beetles would seem to 
fit them particularly well for transpor- 
tation on nursery stock. Their failure 
to become established may be attributed 
to the fact that they occur in nursery 
stock only in small numbers, generally 
one to a tree, and the sexes are unlikely 
to emerge simultaneously. An exception 
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to this is Agrilus sinuatuSf cstablislicd in 
eastern United States. 

In the order llomiptera we find the 
insoets which, above all others, are 
equipped for introduction and establish- 
ment in new rcf^ions. I believe, it is safe 
to say tliat theri* are more cosmopolitan 
insects amonj? the Uoccidae and Aleyro- 
didae than in any other f^roup of similar 
size. The I'cason for this is sufficienlly 
plain. By tiieir mode of life, fii'mly fixed 
as they ai‘C to their host ])lants, which as 
nursery stock or ornamentals for propa- 
gation purposes find wide commercial 
distribution throughout the world, they 
are bettor fitted foi* transportation than 
any other group. In addition to this 
many of them are tln'lyotokous, and thus 
a singh‘ femah‘, finding hersi'lf on tin* 
same host plant upon wiiicli she devel- 
oped in her native land, is able to estab- 
lish a successful colony. We should ex- 
p(?ct this admirable adaptability to both 
transpoilation and establishment to have 
just the effect that it has in fact had. 
Inspection is not a safeguanl against 
these insects since, particularly in the 
younger stages, they may s(*crete them- 
selves und(*r bark or bud scales. The 
Aphididae are almost equally well 
adai)ted to transportation, for, while 
they are not firmly fixed to their ho.st 
plant like the scales, most of them de- 
posit a tough-shelled hibernating egg 
well qualified to carry the species long 
distances under adverse conditions. 
Once arriving at their destination they 
are quite as well fitted for establishment 
as the Ooocidae. The overwintering eggs 
produce a female which gives birth to 
living young without fertilization, and 
these do the same for generation after 
generation. It is surprising that more 
species of Aphididae are not recognized 
as cosmopolitan, and future studies by 
taxonomists will undoubtedly show that 
more of our aphid pests are of foreign 
origin than the iwords now indicate. 
Aside from those three families, only a 


relatively small proportion of the hemij)- 
tcrous pests in the list are introduced 
species, these being the pear Psylla and 
the tarnished plant bug, both of which 
probably entered the country as over- 
wintering adults. 

The Thysanoptera hibernate both as 
adults in sheltered places and as nymphs 
ill the soil, and may easily be trans- 
ported under cither condition. Helio- 
ihrips fasciatus is often found hibernat- 
ing in the navel ends of oranges, 
although it does not attack this fruit. 
It is supposedly native but other species 
hav(‘, similar habits. The pear thrips 
spends the wint(*r in the soil in great 
numbers in infested orchards and could 
easily have been brought in in this way. 
So far as establishment is concerned, 
several species reproduce parthonogc- 
nctically. This is notably true of the 
green-house thrips, the male of which 
has never Injcn discovered. This is ap- 
parently not true, however, of two of our 
most serious introduced species, the 
onion thrips and the ])ear thrips. 

Among the Orthoptcra I have not 
come across any records of the introduc- 
tion of foreign species which have be- 
come agricultural pests, although they 
may exist. A priori it may be assumed 
that their transportation through com- 
mercial ex(‘hange would be extremely 
unlikely. Grasshoppers usually deposit 
their eggs in the soil, it is true, but as a 
general rule they prefer either sod land 
or extremely hard soil, such as one would 
be unlikely to find in Euro|>ean nur- 
series and which would hardly be found 
in shipments of balled nursery stock. 
Tree crickets and katydids deposit their 
eggs in twigs and on leaves, and these 
are better equipped for transportation 
to a new region than are the grasshop- 
pers. It is unlikely that any of these 
insects reproduce parthenogenctically, 
and therefore they are not particularly 
well adai)tod to the establishment of new 
colonies. 
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A oonsidt'ratiou of the cntiri‘ matter 
of transportation to and establishment 
on the North American continent of 
foreif^i insects must, it s(‘ems to the 
writer, lead to the conelusion that it is 
entirely a question of the bioloj^ical fit- 
ness of a species; its ability to fulfil to 
a hijrh dcfjrree the requin*rnents for suc- 
cessful transi)ortation and establishment 
in a new ret^ion. Those t<roups which 
are best fitted for transf)oi'tation and 
establishment, such as the scale insects, 
are st^n to have the j^reatest number of 
cosmopolitan species in ])roportion to 
number of species in existence, and those 
which are least fitted for these purposes, 
such as the Orthoptera, have the lowest 
numbers of cosmopolites. 

There has been a tendency in the past 
on the part of biologists to attribute tlie 
establishment of foreif?n species to some 
unknown factor, to some d(^p, funda- 
mental princij)le which remained ob- 
scur(\ There seems to be no reason why 
this feelinj^ should at) ply to insects since 
there is abundant evidence to show that 
the particular hemispheix* or particular 
coast, east or west, on which the insect 
orip^inated has nothinj? to do with its 
establishment in North America. 
Neither does then* seem to be any j^ood 
reason for makiiiff a mystery out of the 
fact that the >*:eiieral tendency of dis- 
persal se(*ms to be from east to west, as 
from Euroi)e to America. Thjs could 
scarcely be otherwise when we consider 
the nature of the commercial inter- 
course. There is no doubt but that many 
mon^ species have been introduced from 
Europe to America than from America 
to Euro])e. The reason for this seems 
plain enouj^h, if we examine the statis^ 
tics with r(d’erence to exchange of nur- 
sery stock between the two regions. I 
have be(‘n able to obtain figures for only 
one year, 1921, as given by the U. S. 
Department of Commerce. These indi- 
cate that during that year nursery stock 
was exported to th(i value of $352,000 


and was imported to the value of $5,221,- 
000, the ratio of exports to impoi’ts being 
as 1 to 14 4. If we eould obtain figures 
on the number of j)lants rather than the 
value there would be a far greater dis- 
crepancy, since European shipments in- 
clude large n umbel’s of seedlings of rela- 
tively small value, which are not grown 
in this country because of high labor 
costs. I believe that all entomologists 
agree that the importation of nui'sery 
stock is the most jirolifie source of new 
pests and that this great prejiomleranee 
of imports over (*x[)orts explains why we 
have received more j>c.sts from Europe 
than Euroi)e has re(‘eiv('d from us. Wc 
need not look further than this for justi- 
fication of the Federal Horticulture 
Board's quarantine No. 37. 

The number of instances of sueccssful 
transpoi’tation as compared to sueeess- 
ful establishment must bo very great. 
Undoubtedly such insects as the gipsy 
moth, the browntail moth, many of the 
lx)ring insects and even the Mediter- 
ranean fruit fly have been brought to 
our shores many times. Of tlie two for- 
mer and of many other-s of our forc'ign 
pests only a singh* in.stance of establish- 
ment from foreign sources is known. 
This is probably due to infertility of the 
females and to failure to land when and 
where environmental conditions are suit- 
able for their proiiagation. It is only by 
a fortunate (from the insect's stand- 
point) combination of circumstances, 
which happens only rarely, that a for- 
eign pest becomes established in a new 
habitat. It would seem, then, that if we 
arc able to shut off the major portion of 
the opportunities of transportation of 
foreign insects to our shores we should 
be able to prevent their establishment 
almost indefinitely. 

The shutting out of foreign nursery 
stock in view of what seems to be incon- 
trovertible evidence of its responsibility 
for the establishment of moat of our 
foreign pests in America is one of the 
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j^reatest steps which has ever boon taken 
in preventive entomology. In a oountrj^ 
like this, with such varied climatic con- 
ditions and a resourceful people, there 
seeir\s to be no wood reason why practi- 
cally every thinf< needed in the way of 
]>lan1s for pro])aj?ation should not be 
produced somewhere on the North 
American continent, and thus reduce 
almost entirely the risk of additional in- 
troductions. To one accustomed to s(‘e- 
iiif? thousands of Eucalyptus trees in 
(.alifoniia without a sinf?le in.sect attack- 
ing them, the knowledge that there arc 
numerous serious pests of these trees in 
Australia is cause for congratulation 
that they wore introduced in the seed 
stage rather than as nursery stock. It is 
a wonderful illustration of what quaran- 
tine can accorn[)lish if we can do in pi'ac- 
tice that which is theoretically necessary 
to keep pests out. 

Once a foreign i)est has become estab- 
lished \n our country, what should be 
the attitude of the economic entomolo- 
gist? Should eradication be attempted, 
and if so, under what conditions? Ap- 
parently entomologists are not in cjitire 
agreement on this question. A few years 
ago the statement was occasionally made 
that once an insect became established, 
eradication was an impossibility. There 
certainly is no biological basis for such 
a feeling; there is no biological reason 
why any pest could not be eradicated, 
but whether or not it should be at- 
tempted must be decided only after 
careful consideration of the habits of the 
insect, the probable extent of the infes- 
tation and the economic factoi's, such as 
public support and financial hacking. 
If, after carefully weighing these items, 
it appears that there is a reasonable 
probability of a siic^cessful outcome, it 
certainly ^ould be economy in the long 
run to ipake the attempt. Entomologi- 
cal history is replete with instances 
where such opportunities presented 
themselves and were allowed to pass by. 


To the credit of the entomologists, how- 
ever, it must be said that this failure 
can not be laid at their door. In 1894 
the federal Bureau of Entomology sent 
an entomologist to Texas to investigate 
and report on a new cotton post which 
had ap])cared along the Rio (Irande. 
This ojitomologist urgently recom- 
mended, after thorough investigation, 
that “laws should be passed deereoing 
the Rio (Irandc border of Texas for a 
width of fifty miles to be a non-cotton- 
])rodueing belt, compelling all persons 
to abandon the raising of cotton in that 
area, and j)roviding for the destnietion 
of all cotton plants (and other Mnlava- 
ceae, if such exist) within the same.’’ 
It is unnecessary to relate that this 
r(‘cominendation was not carried out. 
Whether or not it would have j)rovcd 
successful in preventing tin* stupendous 
damage later caused by tlie cotton boll 
weevil can not, of coui’se, be determined, 
but so far as 1 know there is no biologi- 
cal reason why it should not have' suc- 
(*eeded. Not long ago J read a statement 
from a Louisiana pa])er quoting n 
banker as saying that ^‘at last the ento- 
mologists arc beginning to rialize that 
the cotton boll weevil is a serious pest.” 
It w'as this same type of mentality that 
opposed the carrying out of the above 
recommendations of the entomologists. 

In 1889 the gipsy moth, well known 
at that time as a serious pest in Europe, 
WHS confined to an area of one and one 
half mih‘s long by one half mile in width 
at Medford, Massachusetts. At that 
time Profcs.sor Fernald recommended its 
extermination, and Riley and Howard, 
of the Bureau of Entomology, urged 
that *‘it can be entirely killed out with 
the exi)enditure of a little time and 
money.” Support for this idea was not 
forthcoming, however, and since then 
millions and milliotis of dollars have 
been expended simply in an effort to 
check its spread, with no end in sight. 
Biologically, the eradication of an insect 
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of linbits like the gipsy motli, which ex- 
ists solely in the egg stage for many 
months and in which the female does not 
fly, should have been easily possible over 
such a compnrutively small area. Exam- 
ples of this kind might he multiplied 
but it is unnecessary. There are with- 
out ((lU'stion many ca.ses of introduction 
of i)csts in which an eradication attempt 
would b(‘ inadvisable, but where for a 
eonsid(‘rabh* i)ortion of the year there 
are no adults flying and the habits are 
such that the other stages are easily de- 
stroyed by thorough work and the known 
distribution is not too great such an 
attem])t would be well worth while. 
Naturally a thorough knowledge of the 
habits and distribution of the pest must 
be had before a safe decision can be 
reached, but, when a careful weighing of 
biologic*al and economic factors indicates 
that there is a reasonable probability of 
success, entomologists should not hesitate 
to urge this action. Millions of dollars 
have recently been spent in California 
in the successful eradication of the foot- 
and-mouth disease, and a similar cam- 
paign against newly established pests of 
habits favorable to eradication would be 
equally justifiable. 

Inti\)duced pi'sls which have become 
fimly established in our fauna often 
pre^sent possibilities of biological control 
which should not be overlooked. This 
method, of course, has its limitations, 
but full advantage should be taken of 
any of)i)ortunity to help reestablish the 
balance disturbed by introduced species, 
thus preventing damage and delaying 
spread. In the case of those species for 
which no satisfactory method of control 


has been developed, parasite introduc- 
tion becomes an absolute necessity. 

It is obvious, then, that the duty of 
governments, so far as applied ento- 
mology is concerned, lies in following 
this program: quarayifine, to exclude in- 
sect })csts which have not yet been intro- 
duced or which aie of very limited dis- 
tribution; eradication^ applied to those 
individual cases where an introduced 
pest is of very limited distribution and 
where a careful biological and economic 
study of the (*f)nditions gives reasonable 
hope of success; biological control, to 
reduce the population of an insect pest 
below the danger line or to reduce it to 
the point where mechanical methods give 
more perfect results, and finally, as an 
additional safeguard, to develop the 
mechanical and cultural methods of con- 
trol to the highest possible degree of 
perfection. 

There is nothing which is more indica- 
tive of the progress of the profession of 
applied entomology than the increased 
attention which is being paid to preven- 
tive methods. Quarantine, eradication 
and biological control are coming to the 
forefront, thus paralleling, in a way, the 
development in medicine, the greatest of 
all biological j)rofossiojis. Preventive 
entomology requires not only advanced 
technical skill and a knowledge of insect 
ecology, but it requirt‘s also a high grade 
of organizational ability. Fortunately, 
because of continual contact with eco- 
nomic problems, both these characteris- 
tics are to be found in an increasing 
degree in the membership of the entomo- 
logical profession. 
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THE BRITISH ASSOCIATION IN SOUTH AFRICA 


The British Association for tho Ad- 
vunccmont of Science normally iiolds its 
annual meetinj^s in successive centers in 
tlic United Kingdom. Its meeting-places 
arc not chosen in rotation, but depend 
upon invitation, from tlie municipal 
councils, universities and other ap])ro- 
pi-iate authorities; and such invitations 
during the ninety-eight years of tlie as- 
sociation’s existence have never been 
lacking. And from lime to time the call 
comes from one of the dominions, and 
tlie association, in answering it, fulfills 
a duty ])eeuliar to itself. As in the 
course of years world-travel has become 
easier and quicker, it lias come about 
tliat many congresses, national and in- 
ternational, have been organized in tlie 
dominions of the British Empire to meet 
the interests of special branches of sci- 
ence and industry, and to bring togetlier 
from all over the world experts in some 
one particular sphere of interest. But 
the British Association brings all depart- 
ments of science within its scope and af- 
fords a unique opportunity for intercom- 
niunication between tliem. Meetings 
overseas, moreover, allow .scientific work- 
ers in every field, from the homeland or 
from foreign countries, to meet their col- 
leagues in the dominions. America has 
had experience of this through the meet- 
ings of the association in Montreal 
(1884), Winnipeg (1909) and Toronto 
(1897 and 1924). At the last Toronto 
meeting the British visitors welcomed a 
large number of American fellow-work- 
ers who crossed the international bound- 
ary to join them. At earlier Canadian 
meetings the same thing had happened ; 
and many of the British men of science 
took the opportunity to visit their col- 
leagues in the United States, to enjoy 
their hospitality and to make personal 
acquaintance with the seats of learning 


and the natural scientific intere.sts of tlie 
country. The famous Baltimore lectures 
by Sir William Thomson, afterwards 
Lord Kelvin, given at the instance of the 
authorities of the Johns Hopkins Uni- 
versity, followed after the Montreal 
meeting of the association in 1884, at 
which Rayleigh was president. More- 
over, Thomson and other British repre- 
.sentatives were enabled to be present at 
the meeting of the American Association 
in Pliiladelphia ; and 1884 has been since 
described as wonder-year of scientific 
conference between physicists of the old 
world and the new. And this is but 
one example. 

When the association met in South 
Africa in 1905, 380 visiting members 
made the journey overseas. The main 
meetings were held at Cape Town and 
Johannesburg, and official visits wei’c 
also paid to Ilurban, Pietermaritzburg, 
Pretoria, Bloemfontein, Kimberley, Bu- 
lawayo and other centers, and also to tho 
Victoria Falls, where the president of 
the association. Professor (afterwards 
Sir) Oeorge Darwin, opened the railway 
bridge. 

The meeting this year will follow simi- 
lar lines. It begirns in Cape Town on 
July 22, the opening function being 
made the occasion for an address by Mr. 
J. H. Hofmeyr, administrator of the 
Transvaal and president of the South 
African Association for the Advance- 
ment of Science, the inviting body, 
which will merge its annual meeting 
with that of the British Association. 
The visiting party proceeds on July 
28-29 by way of Kimberley, where it 
will be entertained by the De Beers Con- 
solidated Mines Company, to Johannes- 
burg. Here, on July 31, Sir Thomas 
Holland delivers his presidential ad- 
dress. Special opportunities for coop- 
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eration will be afforded between the asso- 
ciation and the International Geological 
Congress in Pretoria and a Pan-African 
and Departmental Agricultural confer- 
ences in the same city. All the sections 
of the association will hold meetings in 
Cape Town and in Johannesburg, and 
the various scientific interests of these 
cities and their neighborhoods will be 
explored. After the meetings in Johan- 
nesburg and Pretoria, most visiting 
mcmlx^rs will take advantage of one or 
other of a series of tours which arc of- 
fered by the travel and tourist depart- 
ment of the South African Railways. 
These will give occasion for visits to sev- 
eral of the other important cities of the 
Cnion, such as Durban, Bloemfontein 
and Pietermaritzburg, and it is likely 
that lectures will be given in these places 


and elsewhere by distinguished scientific 
visitors. Parties also are expected to 
proceed to Louren(;o Marques in Portu- 
guese Territory, to Rhodesia and the 
Victoria Palls, with calls at Bulawayo 
and the antiquarian remains at Zim- 
babwe. These last are to be reinvesti- 
gated in advance, and an important re- 
port upon them is expected at the meet- 
ing. Lastly a selected party will visit 
the colony of Kenya by invitation of its 
government. Arrangements so compre- 
hensive can not fail to leave a permanent 
mark upon the development of scientific 
research in South and Bast Africa, 
and (speaking more generally) to alle- 
viate that sense of remoteness and 
aloofness which even yet, in the minds 
of so many j)eo])le, attaches to southern 
Africa. 


FURTHER PROGRESS IN CRYSTAL ANALYSIS 


In an address before the Royal Insti- 
tution of Great Britain, Sir William 
Bragg, Fullcrian professor of chemistry 
at the institution, explained that alloys 
liave played a great part in the history 
of mankind. The qualities of pure 
metals are rarely desirable, but ^he 
properties of alloys cover a far wider 
range, within which can be found every 
variety of usefulness. Pure copper is 
too soft for most purposes, but when 
varying quantities of tin are introduced 
the bronzes so formed have many appli- 
cations. At one stage of human develop- 
ment bronze was all-important. It is 
still largely used. The copper coinage 
is only sligjttly alloyed ; the usefur* gun- 
metal” contains a larger quantity of tin ; 
bell-metal contains more, and speculum 
or mirror-metal more still. Small quan^ 
titles of other substances, especially zinc, 
are often inserted into bronzes; and the 
influence of minutii quantities of such 
foreign substances is remarkable. Siiiee 
many substances can be used in making 
alloys, two or more at a time, and since 
even minute quantities of a component 
often change tho properties entirely, it 


will readily be understood that the pos- 
sible variations are almost infijiite. 
Among these metallurgists seek for tho.se 
which can be put to practical use. Great 
advances have been made in rotfcnt years, 
and such terms as chrome steel, manga- 
nese steel, duralumin and the like, have 
become common. 

The reasons for this variety are most 
obscure, and great interest attaches to 
any method which can help to bring 
order and understanding into the com- 
plexity. The X-rays have come to give 
assistance of a novel kind. They reveal 
the modes in which the atoms are ar- 
ranged in solid substances, provided 
that any regularity of arrangement ex- 
ists, and in general this is the case. It 
tunis out that the atoms in the different 
phases of a mixture are put together ac- 
cording to different patterns, and the 
properties of the substances are obvi- 
ously connected with the pattern. In 
pure copper the atoms are piled together 
in close packing, like spherical shot ; each 
sphere then* touches twelve neighbors. 
‘\^en a small number of zinc atoms are 
added they distribute themselves at ran- 



188 


THE SCIENTIFIC MONTHLY 



I 

1 

I 



— Photograph by Frank Moore. 
CMirtesy of the Amei'iean Inetitute of Eleetrieat Engineere 

CHAEUJS FBANCIS BRUSH 

UlSTINOUlSriED FOR HIS WORK IN THE DEVELOPMENT OF ELECTRIC ARC UOHTINO, WHO DIED AT HIS 

HOME IN Cleveland, on June 16 , at the aoe of eighty years. 





THE PROGRESS OF SCIENC^E 


189 


dom amongst the copper atoms without 
disarranging t))e pattern very much. 
But there is a limit to this addition. If 
too much zinc is put in a new pattern is 
formed, in which each atom now has 
only eight neighbors. Next comes a 
remarkable change as more zinc still is 
put with the copper. A very compli- 
cated pattern is formed of which the 
unit is twenty-seven times as large as in 
the preceding case, and there are fifty- 
two atoms in it. This alloy is very hard 
and brittle. Curiously enough there is 
an alloy of copper with aluminium, and 
again of copper with tin, in which the 
same properties arc exhibited, the same 
patteni is found, and the same number 
of atoms in the pattern. Moreover, what 
is still more interesting is that there is 
the same number of free electrons. The 
free electrons are those which a metal 
can shed comparatively easily : a zinc 
atom can shed two, an aluminium atom 
three and a tin atom four. These curi- 
ous alloys are eom])Oscd of five atoms of 
copper to eight of zinc, nine of copper 
to four of aluminium, and the third, 
very approximately, in the ratio of 
thirty-one of copper to eight of tin. In 
each case there are thirteen atoms to 
twenty-one electrons. 

Professor Bragg says that these new 
results, which are most interesting from 
all points of view, are due mainly to the 
work of Owen and Preston, Bradley, and 
Bernal in England, Westgren and 
Phragmen in Sweden. They open up 
new ideas pf the conditions in the alloy. 
They suggest that we ought not merely 
to think of ’ an alloy as a mixture of 
atoms, but in somo cases at least as a 
mixture of electrons with atoms, the 
latter having considerable latitude as to 
nature. Somewhat similar conclusions 
have been reached in regard to the sili- 
cates composing by far the major part of 
the earth's crust. 

In a different direction an important 
step forward has been made in Mrs. 
Lonsdale's (Miss Yardlcy) determina- 


tion of the disposition of the atoms in 
the organic compound hexamethyl ben- 
zene. The application of the X-ray 
methods to organic structures has always 
been very tempting, because the proper- 
ties of the organic molecule depend so 
remarkably on the mutual arrangement 
of the atoms of which it is compo.sed. 
This has of course been long known, and 
it has been found possible to arrive at 
some knowledge of the particular designs 
by studies of the chemical reactions i)C- 
(*uliar to them. But the X-rays may be 
expected in the end to furnish quantita- 
tive, as against qualitative, details of the 
molecular structure, and to give the rela- 
tive j)Ositions of the atoms in spat-e. 
The long chain compounds, which con- 
stitute a very important section of the 
organic substances, have already been 
attackinl with success, but the other im- 
poilant section, consisting of substances 
found(‘d on the benzene ring, have not 
hithei’to proved so amenable. They are 
more (complicated, and their analysis is 
more difficult. If any one of them can 
be worked out in detail the whole prob- 
lem will be simplified. It appears that 
Mrs. Lonsdale's solution in the case of 
hexamethyl benzene has actually pro- 
vided this initial success. The mohccule 
consists of the hexagonal benzi^ ring 
of carbon atoms, to of whii'h is at- 
tached a methyl group tCH^). The unit 
of pattern contains only on© molecule. 
It is triclinic, that is to say, there are no 
planes or axes of symmetry ; ther^ is, 
however, a center of symmetry. As there 
is only one molecule in the unit cell, this 
center is found in the molecule itself, thi- 
only symmetry which it possesses. In 
certain ways the cell very nearly pos- 
sesses other symmetries, and by a skilful 
use of these approximations as measured 
by the curious effect which they have on 
the relative intensities of reflection by 
different sets of planes within the crys- 
tal, Mrs. Lonsdale has been able to place 
every carbon atom in the molecule. 
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COLUMBIA UNIVERSITY AND THE ELGIN BOTANICAL GARDENS 


Land that was the site of AiTierieu’s 
first botanic j<ardens, the Elj^in Botan- 
ical (lardens, erected in 1804 by Pro- 
fessor David Hosack, a man coiisidorcd a 
little queer and his ])roje('t listed in those 
days as a folly as many early scientific 
efforts were considered, will in 1938 bo 
producing? an annual income of approxi- 
mately $3,000,000 to Columbia Ibiiver- 
sity. For the use of this income the uni- 
versity already has planned. 

This income will result from the lease 
to John D. Rockefeller, Jr., of property 
owned by the university between 48th 
and r)lst Streets and extending from 
Fifth Avenue to within 100 feet of Sixth 
Avenue. The contract, dating from last 
October, provides for a lease of twenty- 
four years^ and three renewals of 
twenty-one years each. The annual in- 
come eventually will be approximately 
$3,000,000 as compared to about $300,- 
000 which the university has been receiv- 
ing from 203 separate leaseholds. It is 
proposed to use part of this property as 
a site for a new opera liouse and the re- 
mainder for a modern shopping center. 
The details of this project remain to he 
worked out. 


Although the lease witli Rockefeller 
dates from last October, Columbia Cni- 
versity will not realize the full income 
for a period of years owing to the fact 
that it has not yet been able to acquire 
all of the previous leaseholds, some of 
which liave until 1938 to run. 

In acquiring leaseholds that had not 
expired, the university has already bor- 
rowed $6,000,000 which must be repaid 
out of the income. Concerning the dis- 
position of the remainder of the income, 
President Nicholas Murray Butler made 
the following statement at the time of 
the announcement of the Rockefeller 
lease: 'Hn anticipation of an increased 
income from this property at about this 
time, the trustees of the university had 
already incurred debts and budget obli- 
gations which would absorb all the in- 
creased income for some time to come. 
The- greatly increased salary schedule 
for all academic officers, adopted in 
April last (1928), the much greater cost 
of maintaining the work of the medical 
school at the new medical center, and re- 
payment of amounts borrowed to con- 
struct the eofstly research laboratories 
for the physical and chemical sciences 
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which were completed last year will re- 
quire the use of the new income for sev- 
eral years. ' ^ 

The recently completed laboratory 
buildings to which Dr. Butler referred 
are the new fourteen -story physics build- 
ing which houses the departments of 
physics, astronomy and optometry, and 
the eleven-story annex to Havemcyer 
Hall which provides additional labora- 
tory facilities for the department of 
chemistry and the department of chem- 
idal engineering. Now under construc- 
tion is an eleven-story addition to Scher- 
merhorn Hall to be erected at a cost of 
$1,000,000. This new addition will house 
additional facilities for zoological and 
botanical research. 

In addition to these buildings at Morn- 
ingside Heights, Columbia is a partner 
in the Medical Center project which is 
valued at $21,000,000 and which in- 
cludes the schools of medicine and of 
dental and oral surgery. Large research 
plans were instituted in both of these 
schools last fall when they moved into 
their new quarters. 

The plot of ground which is |o provide 
an income to aid in the maintenance of 
research plans at Columbia was the loca- 
tion of the Elgin Botanical Gardens 
from 1804 to 1810, Professor David 
Hosack, one time a student at Columbia, 
later professor of botany there and then 
professor of materia medica at the Col- 


lege of Physicians and Surgeons, estab- 
lished the garden and within two years 
had 2,000 rare botanical specimens grow- 
ing there. In 1810 he was forced to sell 
the plot to the state because of inability, 
to gain either college or state aid for the 
gardens. 

The land leased to Rockefeller is part 
of the tract which Columbia acquired in 
1814, at a time when other New York 
colleges benefited by cash gifts from 
state lotteries. The Reverend John M. 
Mason, at that time president of Colum- 
bia, was roundly criticized for accepting 
the land in lieu of a cash gift, because, 
his critics said, the land was worfli 
nearer $6,0(X) than the $80,000 at which 
the state then valued it. It was not 
until the 1850 s that the university be- 
gan to realize the value of the land. 
Prior to that time, it had failed to gain a 
fair return on leases, and had been 
forced to borrow large sums to meet the 
cost of street improvements. 

About this time, some of the trustees 
realized the possibilities of the land, and 
it was laid out in city lots. Sixteen of 
these lots were disposed of to the Dutch 
Reformed Church for $80,000 in 1857, 
and in 1904 the part of the site lying 
between 47th and 48th Streets was sold 
for $3,000,000. The remainder of the 
property has steadily growm in value 
and has produced a large income from 
ground leases. 
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ARCHEOLOGICAL EVIDENCES OF THE 
ANTIQUITY OF DISEASE IN 
SOUTH AMERICA 

By Professor ROY L. MOODIE 

SANTA MONICA, CALIFORNIA 


Introduction 

Although the territory now included 
within Peru has furnished the majority 
of the evidences of the ills and accidents 
to which the ancient South Americans 
were liable, yet there are in other parts 
of the continent traces of prehistoric dis- 
eases.^ These scant evidences have been 
reviewed* elsewhere and we may restrict 
our attention in this place to the more 
abundant evidences presented by arche- 
ological discoveries in the territory in 
and around Peru.**^'® 

1 E. Verneau. 1903. ancicns Pats- 

gona. ’’ Contribution a l’6tude des races pr6- 
colombionnes de TAm^rique du Sud. Monaco, 
pp. 1-342, fig8. 1^^, pis. 1-xv. Ixjsions 
pathologiquea, pi. x. ^ 

*>Eoy U Moodie. 1923. Paleopathology.'^ 
Urbana, pp. 1-567, plates i-cxvii, 40 text-flgs. 
A review of the evidences of disease and injury 
from early geological time down to about A. D. 
000. Chapter XV reviews the evidences from 
South' America. 

a Frank Albert Burton. 1927. ‘^Soxno Con- 
siderations on Prehistoric Aural, Nasal, Binus 
Pathology and Surgery." El Palacio Press, 
Santa F6, pp. 1-38, figs. 1-17. 

This important study is based on the collec- 
tion of pre-Columbian Peruyian material at the 
San Diego Museum, assembled by Dr. Alei 
Hrdlifika. Th# author, a practicing surgeon of 
San Diego, discusses diseases and surgical 
operations on the ear, aye, uose and mouth, 
illustrating his discussion by good, enlarged 
photographs of the prehistoric material. 


The prehistory of the Peruvian area 
is one of fascinating interest.® In this 
region people of diverse cultures have 
lived for thousands of years.^*® Dymas- 

* Field Museum of Natural History has an 
extensive program of study under way, dealing 
with the prehistoric mummies in its collections. 
A part of this work is the interpretation of 
evidences of disease from numerous, large-sized 
Bontgenograms of the unopened mummy packs, 
which has been undertaken by the author, 

6 R. L. Moodie. 1926. "Tumors of the 
Head among Pre-Columbian Peruvians," An- 
nals of Medical History, 8 : 394r-412, 15 dgures. 
1927. "Injuries to the Head among Pre- 
Columbian Peruvians," pp. 298^28, figures 
1-22. 

e W. Eoiss and A. Btiibel. 1880-1887. "The 
Necropolis of Ancon in Peru. ’ ' A contribution 
to our knowledge of the culture and industries 
of the Empire of the Incas, being the results 
of excavations made on the spot. Translated 
by Professor A. H. Keane. Three large, 
sumptuous, folio volumes, illustrated by colored 
lithographic plates. The most extensive account 
of ancient mummies which has appeared. 

T A. L. Kroeber and ' his associates have pub- 
lished, 1024-27, important discussions of the 
Max Uhle ooUectiOns of prehistoric potteries, 
furuishing for the first time a reliable basis for 
a chronology of pre-Columbian events. Seven 
contributions have been issued as University of 
California Publications in American Archeology 
and Ethnology. 

> G. G. MacCiudy. 1923. "Human Skeletal 
Bemains from the Highlands of Peru," Atneri- 
(xm JowThol ci l^hyssioal Antkropolofff/, 6, no. 3, 
pp. 218-^29, pla l-ilix. Papers 8 and 10 deal 
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— Court€%y of the American Mitsevm of Natural Historp 

THBEE PEEHISTOEIC PEEtmAN MUMMIES FBOM ANCIENT CEMETEEIES 
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of tko Mutoum of JBI^otoro 


FIG. 2. AN ELABOBATELY EQUIPFEB, CX)MPLETE MtJMMY^AOK 

WITH FALSE HEAP, FROM 'PBUJILLO, KEAB RUIKS OF ChaN^OilAH, BeRU. ThE FOLDED MUMMY 
18 WITHIN THE LOWER FART OF FAOKAGR, , , 
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I^OM THE FAMOUS NECROPOLIS AT ANCON, PERU, WHICH HAS YIELDED GREAT NUMBERS OF DIVIKSI- 
riED SPECIMENS. THIS ONE, WRAPPED IN CLOTH AND SKINS, CARELESSLY TIED IN A LOOSE, 1BRE0U< 
LAR NETWORK OF HEAVY CORD, IS AN INTERESTING EXAMPLE OF COMMON TYPE OP PACK. ON THE 
LEFT ARE TWO REEDS WRAPPED WITH THREAD, AND THE BAG, NOW TORN, DOUBTLESS CONTAINU) 
WEAVING MATERIALS. TlIIS SPECIMEN, No. 5913j FlELD MUSEUM OF NATURAL HISTORY, IS 
TWENTY-THREE INCHES LONG, EIGHTEEN INCHES WIDE, WITH A DEPTH OF SIXTEEN INCHES. COL- 

;^ECTED BY George A. Dorsey. 


ties {jfrew and waned centuries before re- 
corded history, and it is the task of the 
prehistorian to puzzle out, from the ma- 
terial at hand, the details of the daily 
life’* of those ancient and interesting 
people. 

with the evidences seen cm skoletnl material col- 
lected in conjunction with the exploration of 
Maehu Piochu, by Yale University. These are 
the best anthropological papers on pre-Cokitti- 
bian Peruvians within recent years. 

• Leonard Freeman. 1924. ‘ * Bargery of the 
Apcient Inhabitants of the Americas, ’ ’ Art and 


Ruins 

Some of their ruins* are notable either 
in point of size or massiveness of con- 

Arahaology, 18 : 21-35, figs. 1-24. The author, 
a surgeou in Denver, presents the best general 
account of the subject so far published. His 
material was largely that preserved in the San 
Diego Museum. 

stGarcilasao de la Vega, son of an Inca 
princess and a Spanish father, after many years 
of residence in Spain, wrote largely from mem- 
ory, tradition and writings of contemporaries, 
his Royal Oommehtanes, ’ ' which give helpful 
sidelights on the life of the ancient Andeans. 
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FIG. 4. PEEHISTORIC MCJMMY-PACK FROM ICA VALLEY, PERU 
Cloth covering disintegrating. Museum of Anthropology, University or California. 

Collected by Max Uhle. 


struction. The city of Chan-Chan, cov- 
ering elev^ square miles, is thought to 
have had a population of hundreds of 
thousands. Its sixty-foot protecting wall 
is now reduced to mounds of earth by. 
centuries of erosion. 

Among these ruins, opened through 
the centuries by treasure hunters, occur 
the potteries, the implements, the mum- 
mies and other archeological objects on 
which is founded our knowledge of the 
antiquity of disease in this area. Van- 


dalism^ still goes on, in spite of legal re- 
strictions. Mummies, wrapped and tin- 
wrapped, bones, potteries and other ob- 
jects are thrown carelessly aside or 
broken open in the search for treasure. 
Prom this discarded material have been 
secured the evidences for the antiquity 
of disease in this part of South America. 

MuMHtBS 

Among the archeological objects ex- 
amined for this piirpose the mummies 
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are, of course, the most important. 
Many of the known mummies were care- 
fully prepared by drying*"" and wrapped 
in skins or cloths and were bound, more 
or less neatly, with woolen cords.** Wal- 
lis Budge has estimated that of the mil- 
lions of people who lived in Egypt while 
embalming was in vogue probably not 
more than a hundred thousand were 
embalmed. Mummies were expensive 
and only the rich could have their bod- 
ies pre])ared for resurrection and life 
eternal wdth Osiris. It is possible that 
a similar ratio obtained among the 
ancient Andcans, The museums of the 
world possess only a few hundred. A 
few^ thousand have been destroyed by 
treasure hunters, and an untold number 
remain buried. The vast majority of 
the poi)ulation is still to be accounted 
for. 

Mummies wdiich were thrown aside by 
vandals soon lost their coverings of cloth 
and dry skin, leaving their bones to ex- 
hibit such evidences of disease® as may 
have made ])ermanent alterations in the 
structure of the bones. Unwrapped 
mummy-packs may be examined by 
means of the X-ray;* which reveals most 
of the diseasc'd alterations of the skele- 
ton, and some of the soft parts. Scores 
of prehistoric mummy-packs (Fig. 20) 
have been thus examined, and will soon 
be described. 

The details of the preparation ^of the 
dead for burial both in the Andean 
highlands and along the coast are still 
to be determined. Sun drying, both in 
the mountains and along the coa^t, seems 
to have been most prevalent and we do 
not know that the abdomen was ever 
opened, although their skilled surgeons 
had no hesitancy in opening the head.® *® 

Home of the mummies discovered in 
the necropolis at Ancon^ are wrapped in 
fine skins (Fig. 3) or gorgeously colored 

w G. G. MftcOurdy. 3918. ‘^Surgery amdiig 
Ancient Peruvians,’* emd Arcl^logy, pp. 
381-395, illuH. 



— Vourtenv Field Mvtieum of Natural Hiatory 


FIG. 5. MUMMY-PACK OF PLAITED 
STRAW 

Open in front of face. Coiii*EcTETi nv Emilio 
Monte at Cuzco, Peru. Length or package, 

THIRTY-THREE INCHES; WIDTH FOURTEEN AND 
ONE HALF INCHES ; DEPTH FIFTEEN INCHES. (NO. 

35212, Field Museum of Natural History.) 

cloths, the colors bright and fresh (Fig. 
1) after centuries in the sands. Often 
more than one body“ is enclosed in a 
single pack (Fig. 7). Sometimes the 
false head is placed on the wrong end of 
11 Arthur Baessler. 1900. ^ * Peruaniache 

Mumion.*’ Unterauchungen mit X-Strahlen. 
Taf. 1-15. 
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FIG. 6. PBEHISTORIC INFANT MUMMIES 
Abb abundant in Peruvian burials. Tins baby, in its original native-cloth wbappino, is 

AN EXAMPLE OP NATURAL MUMMIPICATION. OOLLEOTED AT LUPO, NEAR HUAROOHIRI, PERU, BY 

Ale6 HudliCka. No. 1149, San Diboo Museum. 
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— After Baesalcr 

FIG. 7. A BONTGENOGBAM OF AN ANCIENT PEBUVIAN MUMMY-PACK 
Showino three bower with metal objects near the heads. The bodies are all folded 

AND PLACED CLOSE TOGETHER. 

the package. In the mountains near 
C'uzco bodies were enclosed in neatly 
woven cases of straw or twigs (Fig. 5), 
or both, with an aperture for the face. 

Infant bodies were often carelessly 
wrapped in coarse cloth (Fig. 6) and 
tied in a negligent manner with heavy 
cord. Naked mummies, folded, are fre- 
quently found in a good state of preser- 
vation. 

It is possible, after soaking in weak 
formalin solution, to identify muscles, 
nerves, .tendons, arteries and other or- 


gans^^’ in limbs of bodies many centuries 
old. Microscopic examination of the tis- 
sues reveals cells and their nuclei, blood 
corpuscles, connective and fatty tissues, 
and in certain areas elastic fibers.'^ 
The walls of an artery from the leg show 
evidences of disease. Often in the many 
Bontgenograms examined shadows of in- 
testines, liver and spleen are seen. 

12 H. U. Williams. 1927. ** Gross and Micro- 
scopic Anatomy of Two Peruvian Mummies. ’’ 
Archives of Pathology and Laboratory Medi- 
cine, 4: 26-33. 
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—Vourirny of the American Museum of Natural History 
FIG. 8. PREHISTORIC PERUVIAN POTTERY SHOWING EVIDENCES OF DISEASE 
Left: Vessel in the form of a human head, with ear ornaments. The swelling on the 

NOSE IS A DISEASE KNOWN AS (lOUUdO'U, KNOWN TO'DAY PROM MELANESIA AND WEST AFRICA. 

Middle: Red jah showing human figure wearing a white garment. Unidentified impi^^ 
ment in hands. Handle missing. Mouth showing ravages of the disease uta caused hy a 

PROTOZOAN PARASITE OF THE BLOOD. Right: JaR OK HUMAN FIGURE, LYING ON STOMACH, SHOW- 
ING DISEASED LIPS AND NOSE. HANDS CLASPED. 


— Courtesy of the Amerioon Museum of Natural History 
FIG. 9. PREHISTORIC PERUVIAN POTTERY SHOWING EVIDENCES OF DISEASE 
Left: Double-spouted jar showing human figure with diseased mouth, uta a phase or 
Leishmaniasis. Yessel eight and three fourth inches high. Middle: Red and white 

JAB SHOWING HUMAN FIGURE WITH DISEASE OF THE MOUTH. THE ATTITUDE IS THAT OF A HUNOH- 

BACK. Right: Jab showing human figure with diseased mouth. 
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FIG. ](). THE IVORY-LIKE LUBTER OF THE SKULL 
Indicates a healthful condition of the bones at the time of death. Skull No. 147, 
San I>iE<jO Museum. Many of the youthful mummies ueveal the healed evidences of a 

nutritional disease in childhood. 


Potteries 

It was a wide-spread custom in pre- 
historic times in the Peruvian area to 
depict on their abundant potteries^ 
many of the intimate details of the daily 
life of the people, their food, their fauna 
and flora, their portraits, pugilistic en- 
counters and often their bodily struggles 
with disease. Many of these jars have 
a considerable antiquity. By far the 
most prevalent disorder represented is a 
loathsome affliction, by a blood parasite, 
of the mouth and nose — the disease be- 
ing known as iita. It Ls depicted on the 
features of several of the potteries shown 
in Pigs. 8 and 9. The skull shown at 
the bottom of Pig. 24 shows the effects 
of the disease, and the evenness of the 
M^ound suggests that an ancient surgeon 
may have excised the diseased parts with 
an obsidian flake in an effort to arrest 
the piMigresH of the disease. A rare dis- 
ease, goundou, otherwise unknown in 
the western hemisphere, is indicated by 


the pottery to the left in Pig. 8. Other 
manifestations of disease and of surgical 
interference are depicted on similar 
water jars. A direful skin disease, 
Veruga peruana, is thus shown. 

Pediatrics 

The diseases of childhood among the 
ancient nations must have been many 
and severe, if we may judge from the 
numerous infant mummies, but few of 
the diseases were such as to leave traces 
on the bones. Rickets, apparently, did 
not exist among the ancient Andeans, 
since no traces of its manifestations have 
been seen in an examination, by X-ray, ^ 
of numerous mummy-packs. One dis- 
ease of infancy, a nutritional disorder, 
leaves its effects (Pig, 10) in paired 
lesions of the roof of the orbit or on the 
bones of the cranial vault. The effects 
of this disease, known as Osteoporosis 
or Crihra orann, always retrain after 
healing, as sieve-like patches (Pig. 10). 
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FIG. n. AN ADULT FEMAI-B SKULL 

Presents a huge Uyptitost^xs cvottii imje to the pressure op a tumor or the brain mem- 
branes. The tumorous mass was op suow orowth and gave a cijriouSi lop-sided appear* 
ance to the head. No. 158, San Diego Museum. 
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— Courtesy of the American Museum of Natural History 
PIG. 12. PREIITSTOEIC COPPER AND PRONZE IMPLEMENTS 
From the Andean Highlands, Modification.s of some op these may have served for surgical 
PURPOSES. Left to right: A broad copper or bronze blade; a copper needle prom an exca- 
vation NEAR Llayayll, Lake Titicaca; a copper needle from Kasapata; a copper pin or 
Topo, Cerkoca, Bolivia; a copper knife, short blade, with head op IiLAMa on the handle. 


Hydrocephalus is suggested by the shape 
of the skull of several ancient infant 
mummies. ^ 

Tumors 

There are numerous instances of the 
presence of tumors'* in ancient Peru, 
mostly of the benign type, slow-growing 
and often not bothersome at all. Of this 
type are the ivory-like osteomata of the 
cranial vault and on the jaw. Bony 
tumors, of huge growth, due to irritation 
from tumors in the brain membranes 
(Fig. 11) are sometimes found in the 
heads of ancient mummies. Soft tu- 
mors, of unknown type, often leave their 
marks of pressure atrophy on the osseous 
parts. 


Diseases of the Teeth 

The prehistoric peoples whose ills we 
are following suffered from a variety of 
dental troubles — with not a dentist to re- 
lieve them.® Cavity formation through 
caries (Figs. 15, 16), while abundant, 
was not nearly so prevalent as the rav- 
ages of pyorrhea. Often all teeth are 
lost because of this disease (Figs. 14, 
17). Following upon excessive deposits 
of salivary calculus (tartar) pyorrhea 
reduced the efficiency of the teeth (Figs. 
15, 16) and added bodily troubles. Ab- 
scesses (Fig. 16) were common and 
wide-spread, often of enormous propor- 
tions, infecting the air sinuses and 
spreading into the ears and mastoids. 
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Supernumerary and misplaced teeth 
(PMgs. 16, ]8) were not at all common. 

Injuries 

Accidental and intentional wounds, 
particularly of the head,® were common, 
especially in the highlands. Some of 
thesH^ (Figs. 19, 23) produced by a heavy 
mace (Fig. 13) were immediately fatal. 
Others (Fig. 19), produced by sling 
shot, were less frequently fatal, produc- 
ing depressed fractures which were re- 
lieved by trephining. Smashing blow^s 
from a heavy club are often seen to have 
distorted the features greatly, or to have 
produced a set of radiating linear frac- 
tures (Fig. 23). Broken limb bone.s 
were crudely set, or healed as best they 
could without interference. 

Surgery 

It may be that surgical interference, in 
prehistoric times, developed out of at- 


tempts to aid the wounded. Most of their 
surgical practices^- were restricted 
to operations on the head. Of these the 
art of trephining was the one most com- 
monly followed. So much has been 
written on prehistoric trephining that 
we may well be brief here, Trephinings 
by sawing, scraping, cutting and drill- 
ing were followed. The location and 
extent of the injury determined the site 
of the operation and the method fol- 
lowed. Fig. 21 shows the details of two 
of these methods. The upper wound, 
made by cutting above the orbit,” was 
made to drain a frontal sinus infection. 
The opening in the lower figure must 
have been a post-mortem practice opera- 
tion, since its location on top of the 

13 B. L. Moodie, Surgery in pre-Columbian 
Peru. In prests. 65 flgureB. 1928. ''The 
Paleopathology of Patagonia,’^ AnnaU of 
Medical History, Sept. 



— Courtesy of the American Museum of Natural Hietory 
FIG. 13, PBEHI8TOBIC PERUVIAN INSTRUMENTS 
Left: Combined copper, star-shaped mace and axe, Knip6, with human hand 

FOR HANDLE, 
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FIG. 11. RONTGENOGRAM OF ANCIENT PERUVIAN SKULL 
Of a male fkom Nasca, PEKir, sinmiNo u)ss or all teeth through disease. No. 185, 

San Dieoo Museum. 


head, with an iinnsually thick skull, 
renders it improbable that there could 
have been an injury. A Hingl|^ skull 
shows (Fig. 22) what may have been a 
surgical bandage. The application of 
heat WHS jiracticed as a counter-irritant. 
Excisions of diseased parts, the opening 
of absc(\sses and possibly phlebotomy 
were known and practiced. Primitive 
instruments, either of volcanic glass or 
copper utensils (Figs. 12, 13) served the 
primitive surgeon. The application of 

1* R. L. Moodie. 1926. Prehistoric Sur- 
gical Bandage from Peru,^’ AnnaU of Medioal 
History, 8: 69-72. Ulus. 


splints in fractures of long bones was 
unknown. 

Deafness 

Ear troubles in prehistoric times were 
prevalent and are to be associated with 
infections from the teeth reaching the 
middle ear by way of the paranasal 
sinuses, or from the nose following the 
same route. Large exostosial, ivory-like 
growths in the outer passage interfered 
with or prevented hearing. The outer 
passage is often closed by a thickening 
of the walls of the meatus, as well as by 
osseous changes in the walls of the 
cochlea. 
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No trace of syphilis in prehistoric 
times has yet been found in South 
America. 

ClTKONOLO(3Y 

It is not yet possible to assij?n accurate 
dates to prehistoric events in South 
America. We must speak somewhat 
vaj 7 uely of the antiquity of civilizations 
in the Andean regions in terms of thou- 
sands of years, and we must date the 
age of potteries and mummies as that of 




FIG. 16. DISEASES OF THE TEETH OF 
ANCIENT PERUVIANS 
Upper: Palate of skiti>l No. 126, San Dieoo 
Museum, fkom Cinco Cerros, Peru, showing 

DISEASED CONDITION OF THE SOCKETS, THE BONY 
PALATE, AND A CARIOUS CAVITY ON THE RIGHT. 

Lower: Teeth encrusted with salivary cal- 
culus, * < tartar, ' ' with evidences, in the ex- 
posed roots, of pyorrhea. 

hundreds of years ago. The prehistoric 
era closes at about A. D. 1530, the time 
of the Spanish conquest. It seems 
probable that there has been a continu- 
ous settlement at or near to Ancon, 

16 H. U. Williams. 1^27. '"The American 
Origin of Syphilis, ArMr^fa of Dermatology 
and SyphiMogyy 16: 683-69C. 


FIG. n;. DISEASES OF THE TEETH 
Upper: Post-Columbian male, from Chavina, 
Pkri’. Lower: Pyorrhea and caries have 
been active. 



FIG. 17. AN* EDENTULOUS PALATE 

WITH LOSS OF ALL TEETH DUE TO DISEASE. 
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FIG. 18. BONTGENOGRAMS OF THE MAXILLARY REGION 
Of HKUJiL No. 201), San Dieoo Museum (see Fig. 16), a post-Columbian male from Ciiavina, 
Peru, showing conditions of teeth and surrounding bone. Left: Palate from below. 

Right: Maxilla from right. 



FIG. 19. INJURIES RESPONSIBLE FOR THE DEVELOPMENT OF “TREPHINING'' 
In ancient Peru. Left: SLiNG-si^yiwJURY with descending linear fracture to orbit, 

PRODUCING A DEPRESSED PRAOTURE, RELIlOTD BY TREPUIKINO. Right .* SKULL NO. 42, SAN DIEOO 

Museum, prom Huacho, Peru, showing two sling-sh^Wjubtes; above, and a huge, mortal 

INJURY FROM A MAbi^BELOW. 
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— Courteup of the Field Museum of Natural HMory 

Fia. 20. E<3NTaENC>GBAM OF AN INFANt MUMMY 
Peru, showing what perfect detail these ancient bodies may possess. Tub ex- 
tended SKELETON IS, apparently, FREE FROM DISEASE. EICKETS IS UNKNOWN IN FREHIBTOBIO 

Peru* X-rays do not reveal any of the ravages of the nutritional disturbances. 
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Peru, for the past two thousand years. 
The chronology of Peru is being devel- 
oped at Lima by Julio C. Tello by the 



FIG. 21. ANCIENT PERUVIAN SUlt- 
GEONS TREPHINED THE SKULL 
In several ways, sawino, scraping, cutting, 

DRILLING AND «Y COMHINATIONS OF THESE METH- 
ODS. Above: Opening of the frontal sinus 
BY CUTTING, ABOVE THE ORBIT, IlJ SKULL NO. 

288, San Diego Museum, male from Cinco 

CeRKOS. pGSHIUr^Y FOR RF.LIEF OF SINUS HEAD- 
ACHE. Below: Opening made by sawing with 

A ROUGH-EDGED FLAKE OF OBSIDIAN, IN SKULL 

No. :108, San Diego Museum, a female from 
San Damian, Peru, near Cincq Ceuros. 



FIG. 22. A SURGICAL BANDAGE 
Of native cotton ci.oth, on the head of a 

MUMMY FROM LoMAS, PERU, COLLECTED BY 
Ales HRDr-ieKA (No. 658, San Diego Mu- 
SEUM). The bandage is held in imace by 
WOOLEN CORDS, SIMILAR TO THOSE USED IN 
MAKING THE QUIJ’U. 

accumulation of data and materials at 
the anthropological and archeological 
museum and at San Marcos University. 

Summary 

The majority of the evidences of dis- 
ease in South America, during prehis- 
toric times, is obtained from pictorial 
representations on potteries, some of 
which are many centuries old, and from 
mummies and skeletal parts derived 
from mummies. Most of this material 
is the result of vandalism, but some 
scientific collecting has been done, first 
by Reiss and Stiibel,’^ then by Max IJhle,^ 
and more recently by Kroeber for Field 
Museum, and by Tello in Lima. Un- 
opened mummy-packs, examined by the 
X-ray, have furnished a great deal of 
the evidences, and skeletal parts, largely 
derived from mummies, have shown the 
alterations of disease and injury. 

Among the abundant infant mummies 
no traces of rickets are found. Other 
diseases of childhood are seen. Diseases 
of the teeth, especially pyorrhea, are 
common. Many injuries due to war are 
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FIG. 23. TWO ANCIENT PERUVIAN 
8KULL8 SHOWING INJURIES 

Above: Skull No. 23, San Uiego Museum, 
FROM CiNCO CERROS, SIIOWINO TWO HUOE MACE 
(I) INJURIES. BfJow: Skull No. 21, San 
Diego Museum, from San Damian, hhowino 

EFFECTS of A CRUSHING BI.i<JW FROM A CLUB, 
WITH RADIATING FRACTURES. 



FIG. 24. ANCIENT SURGERY 

Above: A LARGE TREPHINED OPENING, MADE BY 
STRAIGHT AND CURVED CUTTING, IN A FEMALE 
SKULL, No. 257, San Diego Museum, from 
C iNCo Oerros, Peru, Below: It tadoks as if 
the SURGEON HAD CUT AWAY THE PARTS DIS- 
EASED BY iita. Skull No. 80, San J)ie<]0 Mu- 
seum, from Chavina, Peru. 


found. Surgery, particularly trephin- possible to determine the diseases of the 
ing^ was well established. Deafness was soft tissues by microscopical examination 
due to a number of causes. It will be of specially prepared material. 




NEW DATA ON THE ORIGIN AND SPREAD 
OF THE DOLLAR MARK 

By Professor FLORIAN CAJORI 

UNIVERSITY OK CALIFORNIA 


The examination of manuscripts in 
the Bancroft Library of the University 
of California has supplied data which 
lead to a fuller grasp of the, for so long, 
elusive knowledge of the origin and 
spread of that symbol which came to 
represent the monetary unit now domi- 
nant in the financial affairs of the world. 
It is well known that the United States 
dollar was adopted in 1785 and was 
modeled on the average weight of the 
Spanish coin then in circulation. 
Thomas Jefferson speaks of the dollar as 
“a known coin, and most familiar of all 
to the minds of the people.'’^ The first 
United States dollars were coined in 
1794. Jeffei*son does not use the dollar 
symbol $, or make reference to it. We 
shall see that its first occurrence ante- 
dates 1785. 

There exist a dozen or more theories 
on the origin of the dollar mark. All of 
them are such stuff as dreams are made 
of. If ever the need of painstaking 
empirical study presents itself in the 
history of symbols, it is in the origin of 
our $. The student of chemistry and 
physics is not the only investigator who 
must subject himself to the reign of fact. 
When asked to submit evidence drawn 
from early manuscripts, the proponents 
of the theory that found the origin of $ 
in the superposition of the letters U and 
S (the '‘U. S. theory”)* take to flight. 
The same is true of the advocates of the 
theories which ascribe the origin to the 
monogrammatic form* of I H S (often 

1 D. K. WatBon, ^‘History of American Coin- 
age,” 1899, p. 15. 

i Notes anii Queries (Fifth Ber.), London, 
Vol. VI,. 1876, pp. 386, 434. 

a Standard Dictionary, 1890, article, Dol- 
lar.” 


erroneously interpreted as Jesus, 
Hominum Salvator) or to H S and 
IIS that were abbreviations used by 
the Romans for a coin called sestertius,^ 
or to the ” pillars of Hercules” that 
were impressed upon the ” pillar dol- 
lar”® of the seventeenth and eighteenth 
centuries, or to the figure 8 combined 
with a vertical bar | or with the solidus 
/, or with the letter P, or with the letter 
R, because the Spanish dollar was known 
as a “piece of eight”** or as ”8 reales.” 

A theory which possesses great ante- 
cedent probability explains the origin 
of our $ from the Portuguese symbol for 
“thousands” which is shaped like our 
dollar mark. A number which we write 
13,765, the Portuguese wrote 131765. 
Here the $, called “cifrao,” takes the 
place of the comma, separating hundreds 
from thousands. This separating is done 
for convenience in the reading of num- 
bers. The “cifrao” came to be used 
more especially in the designation of 
monetary values, as in 1.043 : 381$000 
reis or 1.043:381$ mUreis. The theory 
supposes that the Portuguese “cifrao” 
was assigned the new role of represent- 
ing the Mexican “peso” or “piastre,” 
and to have been adopted later in the 
United States as our “dollar” mark. 
Proofs from manuscript evidence that 
such a change actually did take place 

♦ M. Townsend, ” U, S. an Index, etc., ’ ’ Bos- 
ton, 1890, p. 420. 

Notes cmd Queriest London (Fifth Ser.), 
Vol. VII, 1877, p. 155, 317; New American 
Cyclopedia, Vol. VI, 1859, article, ** Dollar”; 
W. L. Fawcett, ”Gold and Debt,” Chicago, 
1877, p, 13. 

6M. Townsend, op, oit, p. 420; Scribner’s 
Moffasine, 1907,- 42 : 615 ; Webster 's Un- 

abridged Dictienary, in the ^itions since 1864. 
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have never been attempted in print. 
The writer has examined many books 
and many manuscripts, but has not 
found the slightest evidence in support 
of this hypothesis. Moreover, Ameri- 
cans who are known to have used the 
dollar mark in the eighteenth century 
were not in contact with the Portuguese. 
There were no Portuguese settlements in 
North America. Portuguese silver 
money coined in Brazil did not in the 
eighteenth century circulate in the 
American colonies, nor, so far as we are 
able to ascertain, in the West Indies or 
the Gulf coast. There is no evidence 
that the name '‘milreis’^ or the name 
'‘cifrao” ever came to be synonymous 
with “dollar,*^ or ‘'peso.” The cifrao 
hypothesis must therefore be abandoned 
in favor of another hypothesis for which 
very general support has been found. 

The new data on the dollar mark to be 
presented in this article fully support 
the conclusion reached in our previous 
articles,^ from which we reproduce, by 
way of introduction. Fig. 1 taken from 
a copy of a letter written at New Orleans 
on September 12, 1778, by Oliver 

7 A full summary of the previous articles is 
found in F. Cajori, ‘^History of Mathematical 
Notations,'’ Vol, 2, 1929, pp. 15-29. 


Pollock, “commercial agent of the 
United States at New Orleans, and 
sent to George Roger Clark, who was 
then heading an expedition for the cap- 
ture of the Illinois country. The figure 
shows the close of this letter containing 
a financial summary, expressed in dol- 
lars. There are here five symbols writ- 
ten respectively to the left of the sums 
1100, 5997, 328, 8550, 8613. Examining 
minutely the ones to the left of the first 
four sums, we find them to be p", made 
by a continuous motion of the pen, in 
this order: Down on the left, up on the 
right, the loop of the p, the 5 above. On 
the other hand, the symbol to the left of 
8613 is made by two motions: One mo- 
tion is down and up for p, the other 
motion is the curve for the s, one symbol 
being su])crposed upon the other. This 
last symbol is our modern dollar mark. 
According to the evidence supplied by 
the mainiscript of Pollock’s letter, our $ 
is a modified p', the Mexican abbrevia- 
tion for “pesos” or “piastres,’' or 
“pieces of eight.” The chief modifica- 
tion consists in bringing the s, in p', 
down upon the p. In Mexican manu- 
scripts going as far back as the sixteenth 
century the abbreviation p* can be 
found. The pmctice of raising the last 



F;q. 1 . The oriqin of the doijLAii icark, as shown xn the copt Of a LETTBat SENT BY Oliver 
Pollock, fbok New Orleans, on Bepteiaber 12 , 1776 . 
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letter in abbreviations was almost uni- 
versal among the Mexicans. Our dollar 
mark arose among those writers who 
were less addicted to the practice of 
raising terminal letters in abbreviations. 
If our views are correct, then the dollar 
mark might spring up in different 
placCsS, quite independently, among vaii- 
OUN writers. And such was the case. 

That the symbol in Pollock ^s letter 
was written in New Orleans is signifi- 
cant. The Oulf of Mexico and the 
Caribbean Sea constituted the American 
Mediterranean. Boats navigated the 
Mississippi River. On the Gulf coast 
and the We.st Indian islands peo})le of 
different nationalities gathered, and 
commercial intercourse took place. 
These were the distributing centers for 
goods and also for coins. We quote 
from W. G. Sumner^ certain phrases 
which show the connection between the 
American colonies and the West Indies. 
He tells of the trade Massachusetts had 
with the West Indies. He states that 
^‘scarcely had specie come into circula- 
tion in Massachusetts, when it was found 
that, although the remittance had been 
in silver, gold from the West Indies 
[then an inferior currency] began to 
stay in the colony”; trade of New York 
with “the. West Indies” was about 
1720 “wholly to the advantage of New 
York.” “Coin was now coming freely 
[into New England] by trade with the 
West Indies.” A similar statement is 
due to J. K. Upton:® “All the colonists 
were anxious to retain silver avS a circu- 
lating medium and their trade with the 
West Indies brought considerable silver 
cx)in, ” but did not stay in the colonics 
because laws were enacted creating in- 
ferior legal tender. In the West Indies, 
the ixjso or Spanish dollar was in more 
general use* than other coins, such as 
doubloons and joes. Westergaard*® 

8 William G. Bumner, ‘^Hwtory of Amerieaii 
Curnmciy,* ’ J876, pp. 8, 40, 42. 

p ‘ ‘ Monoy in Politics, ' ’ Boston, 1884, p. 7, 

WW. W««teTfaard, <*Th 0 Bpaaiiah West In- 
diofi under Company Rule (1673f-1754),^” New 
York, 1017, pp. 34, 02, 206, 226. 


mentions also the rigsdaler, slettedaler, 
florin, ducat, livre and mark. 

A piwlamation^^ in Dutch, issued on 
February 22, 17(i0, at Fort Amsterdam 
in St. Martin, a We.st Indian island, for- 
bids giving protection to Negroes from 
island of St. Croix, on i)enalty of the 
sum mentioned in Fig. 2. The symbol 



Fu4. 2. From a Proclamation issued at the 
West Indian Island, St. Martin, on Febru- 
ary 22, 1760, AND indicating a penalty of, 
APPARENTLY, $500, FOR GIVING PROTECTION TO 
BIJ^VEB FROM THE ISLAND OF ST, OrOIX.. 

placed before the 500 may mean “pias- 
tres” (“pesos”) or perhaps “guilders. ” 
The shape of the symbol suggests a p*, 
rather than the letter G which does not 
call for the long downward or upward 
stroke on the extreme left. Another 
Dutch document, of the year 1790, 
writes out in full “piastres Gourdes” 
and indicates that this Haitian coin cir- 
culated among the Dutch. It is our 
interpretation that the symbol in Fig. 2 
stands for “piastres.” If this is cor- 
rect, then we see in the document of 
1760 a part-way descent of the letter 8 
upon the letter p and, therefore, a step 
toward the formation of our dollar 
mark. 

Positive evidence of a West Indian 
modem dollar mark is found in a record 
of the sale of Negro slaves in Porto 

81 Baueroft LIhmy, Univerflity of California, 
Danish West Indian Collection. 
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Rico.^* The early entries use the Mexi- 
can sign p" for pesos, but a, little before 
July 1, 1778, a now handwriting ap- 
pears, containing several times the p“, 
but six times also tlie double symbol 
p® $, as in Fig. 8, which shows 1443 pesos 
and 2 reales. The doubling of the let- 
ters occurs for reales as well as for pesos. 
What does this sign signify? Simply 
the marking of the plural by repeating 
the lettcis, a practice which is piwalent 
to-day in the Spanish “E.E. U.U.’’ to 
signify '‘Estados Unidos” and in the 


leans, who was then interim governor 
of the colony. 

There is a diary kept in the State of 
New York by Ezra rHommedieu in 
which, between August 1, 1776, and 
December 5, 1776, the dollar sign occurs 
fourleen times, at first with only one 
downward stroke, but the last three 
times with two downward strokes.^* 
Mexican manuscripts indicate that some- 
times the letter p in p® was written with 
one stroke oidy, instead of the more 
usual dowtiward stroke, followed by an 


* cAtgxoJ l(jclcujOtfr 


Flo. 3. The use of p» and $ synonymously to represent ‘‘dollars/’ in a manuscript 
RECORDING THE SALK OF SLAVES AT PORTO El(^0. TUE DATE OF THIS SALE lb JULY 1, 1778. 


English '‘pp. for pages'' and 
‘‘LL.D." for “Doctor of Laws." This 
doubling is of prime importance in our 
problem of the origin of the dollar mark, 
for it clinches the argument with com- 
pelling force, that the $ descended from 
p". It is of interest to note that the 
earliest appearance of this symbol in the 
sale-record of slaves is April 1, 3778, a 
date only about five months earlier than 
the date of Pollock’s letter. A later 
document, also written in the Spanish 
language, which contains the double 
symbol p* $, was written on August 29, 
1800, at S“. Marcos de Apalache, in 
Florida, and addressed to the noted 
Marquis de Casa Calvo in Now Or- 

la Bancroft Library, 1768-1779, Porto Bioo, 
Beal Oompanla del aaiento do Negros. 


upward stroke. The letter s written 
over the p with a single stroke would 
naturally give rise to the form $ of the 
dollar mark in place of the more usual $. 
L’Hommedieu was a member of the New 
Y"ork Provincial Assembly and recorded 
in his diary some of the financial tratis- 
aetions of the assembly. As a member 
of the Continental Congi*e8s he wrote, in 
1800, a letter” containing the symbolism 
“$106; 60." 

In earlier articles” we have given fac- 
similes of dollar signs approaching the 

Bancroft Library. XR)ui»iana Papers. Let- 
ter of Petro Olivier. 

14 For drawing of *^mbols, see F. Cajori, op. 
oit., Vol. 2, p. 26. 

15 Libraty of the Historical Society of Penn- 
sylvania, Breer Collection. 

i« F. Cajori, op. Off., Vol. 2, p. 22. 
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modem forms, occurring? in letters 
written in New Orleans (1783 and 
1786), on the Mississippi (1787), in 
Philadelphia (1792), in Nouvelle Ma- 
drid, Mo. (1793 and 1794), in New 
Orleans and Philadelphia (?) in 1796, 
at Louisville (?) in 1799. The modern 
sign occurs frequently in a ledger kept 
by George Washington, now preserved 
in the Omalia Public Library. The 
earliest date in the ledger is January 1, 
1799. The sign appears also in a letter 
of September 29, 1802, now kept in the 
Harper Memorial Library of the Univer- 
sity of Chicago. It is written by 
William A. Washington and relates to 
land above the Potomac belonging to the 
estate of George Washington. 

What has been regarded as the earli- 
est appearance of the dollar mark in 
print is in Chauncey Lee’s '^American 
Accomptant, ’ ’ published at Lansing- 
burgh. New York, in 1797. But Lee’s 
sign for ‘‘dimes” is more nearly our 
modem dollar mark than Lee’s sign for 
” dollars. The modem dollar mark 

occurs in the arithmetics of Daniel 
Adams (1807), an anonymous author 
(1811), Samuel Webber (1812), Jacob 
Willetts (1817).’® We have seen the 
dollar mark in the Boston Patriot of 
September 1, 1810. Ernest Horn, of 
Iowa City, informs us that ‘‘The 
Epistolary Guide” of James Hardy, 
published at New York in 1817,, gives 
the $ in all models of letters referring 
to amounts expressed in dollars. The 
Mexicans, at the time they achieved 
their independence from Spain (1821), 
were not yet using the $ in print. In 
a Mexican book of 1834 on statistics,'* 
both the ps and $ are used. Qur $ was 
introduced into Hawaii by American 
missionaries in a translation of Warren 

For facsimile of Lee’s symbols, see F. 
Oajori, op. Oft., Vol. 2, p. 27. 

1* For exact references, see F. Cajori, op. dt,, 

p. 28. 

i*J. A.'£Bcudero, ^^Noticias estadisticaa del 
estado Chihuahua, ’ Mexico, 1834. 


Colburn’s “Mental Arithmetic”*® in 
1835. 

The Spanish-Americans placed their 
p’ after the numerals, as in 65 p', while 
the English colonists, being accustomed 
to write £ before the number of pounds, 
usually wrote the $ to the left of the 
numerals, thus $65. It is placed after 
the numerals in some letters written by 
Joseph Montfort Street*' in Prairie de 
Chien, Wisconsin, and in Rock Island, 
Illinois, in .1832 and 1836. It is placed 
sometimes before and at other times 
after the numerals, in letters and ac- 
count books of the English trader 
William Petty Hartnell,** of California, 
and of John Begg at Lima, Peru, who 
was in trade relations with Hartnell in 
1820 and later. In fact, in a letter of 
May 15, 1825, signed by McCullogh, 
Hartnell and Company, one finds 
“$17727$.” In the newspaper La 
Prensa of 1910, in Buenos Aires, the 
$ frequently follows the numeral in the 
short advertisements, but precedes the 
numerals when arranged in columns. 

Our conclusion is that the modern 
dollar mark is a modification of the 
Mexican sign p“ for pesos or piastres, 
the chief alteration being the lowering 
of the letter s upon the letter p. As the 
result of extensive and careful empirical 
study, this conclusion is now as firmly 
established as is the origin of any other 
monetary symbol, and more securely 
fixed than is the origin of any mathe- 
matical symbol which is not the 
conscious invention of some known indi- 
vidual. Nevertheless, from the exami- 
nation of more manuscripts, much addi- 
tional detail may be gathered on the 
spreading of the dollar mark in the 
United States and the American con- 
tinent. 

»o Copy of translation in the Newberry 
Library, Chicago. 

SI Iowa State Historical Department. Let- 
ters of Joseph Montfort Street. 

S3 Bancroft Library. Hartnell letters and 
account books. 
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To tarry at a discovery to its complete ex- 
haustion, a discovery which casts a glamour 
about other names, was not Purkiiije’s habit. 
Driven from one discovery to another, he leaves 
the details to others; his works are stimulating 
data for further research. In addition, there 
are two rare qualities in this exalted spirit: re- 
spect for the youngest of talents, and modesty 
in not speaking of himself: both of these go 
with his noble character, but they are also to 
blame for Purkinje's achievements not being 
honored as they should be. 

—Th. EMt, 1859 

The village of Libochowitz is not on 
the average map, but it lies near Leit- 
meritz on the Elbe, a town situated amid 
such natural beauty that it is known as 
the Bohemian Paradise. Man has ever 
done his utmost to despoil all earthly 
paradise, and during that terrible period 
which history calls the Thirty Years’ 
War — when a whole generation of 
humanity shed its blood over myths — 
most of the families that still remained 
above ground departed from this region. 

The call of the soil is strong, and 
though the plow turn up bullet and 
skull, corn grows well on land that has 
been watered with blood. The healing 
years passed over Libochowitz, and the 
fields of Baron Herberstein were under 
the care of Agricultural OflScial Pur- 
kinje. His family must have occupied 
quarters in the baronial home, for here 
his wife, Rosalie Safranek, gave birth 
to her son Jan on December 17, 1787. 
Thus Johannes Evangelista Purkinje 
came into the world in the castle of 
Libochowitz, and not in a ‘^peasant’s 
hut,’’ as is stated by R. Burton-Opitz 
and others. For purposes of biography, 
it is more interesting to be cradled in a 
peasant’s cottage than in a nobleman’s 
palace, but history is inexorable. 


The young Purkinje attended school 
in his native village, and took lessons 
in music and singing, in accordance with 
the Czech fashion of those days. His 
voice paved the way for his further edu- 
cation, and he was sent as a chorister to 
the Piarists in Moravia, where he de- 
voted himself to philology. He grad- 
uated from the normal school in Miku- 
lov, and then completed the course in 
the gymnasium. When it became neces-^ 
sary to select a profession, Purkinje 
found that he had grown accustomed to 
the Piarists and was attracted to peda- 
gogy, and for these reasons entered the 
Order of the Piarists as a teacher of 
ancient languages. His novitiate year 
was spent in Stara Voda near the 
Silesian border, whence he was trans- 
ferred to Straznic; after 1806 he pro- 
ceeded to Litomyfil — all little towns 
which mean nothing to the reader unless 
he be Czech. The peace of monastic^ 
teaching must have appealed to him in 
many ways, yet he did not take the vow> 
and Fichte lured him from the monas- 
tery to the university. He had already 
learned French and Italian — slater sup- 
plemented by various other modern 
tongues — and had read widely. 

He bade farewell to the Piarists, and 
came to his country’s capital to study 
philosophy. At Prague he occupied 
himself also with literature, and for a 
time thought of becoming a man of 
letters. He was as frugal as David 
Hume, and the meager fees he received 
by tutoring enabled him to live, for in 
those days scholars possessed the secret 
of subsisting pn ideals. His chief pupils 
were the young barons, Bchutterstein 
and Ferdinand Hildeprandt; Purldnje 
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looked forward with keen pleasure to 
accompanying the latter to the Stavnic 
Mining Academy in Slovenia, but his 
dream was shattered when Ilildeprandt 
joined the allies in the campaign against 
Napoleon. 

Well-educated but still without a pro- 
fession, Purkinje now decided upon 
medicine. It was never his intention to 
become a practicing physician, but he 
felt that the medical sciences would give 
him an insight into nature. Even 
toward the conclusion of his medical 
studies, the pedagogue's mantle clung 
to him, and he thought of asking the aid 
of the Hildeprandt family to establish 
a special teaching institution of the 
natural sciences, and he contemplated a 
visit to Switzerland to acquaint himself 
with the methods of Pestalozzi and his 
disciples. In 1818 he acted as assistant 
in anatomy and physiology under Rot- 
tenberg and Ilg, and in 1819 graduated 
with a dissertation on the subjective 
aspects of vision. He was already thirty- 
two years old, an age at which many 
famous scientific careers have closed. 

The year 1819 was a troubled one for 
German students. August von Kotze- 
bue, not content with his popularity as 
a playwright, had returned from Russia 
to his fatherland in the capacity of the 
czar’s spy. Establishing a weekly news- 
paper, he ridiculed the students for their 
national aspirations, and especially 
mocked their efforts to secure free insti- 
tutions. A clever man, the columns of 
his journal were funny and cruel, but a 
certain theological student had no sense 
of humor and killed him. The dagger 
of Karl Sand gave Metternich bis oppor- 
tunity to muzzle all Germany. Freedom 
of speech and press were abolished by 
the Carlsbad Decrees, students were con- 
demned to death for wearing a ribbon, 
private papers in private houses were 
searched without warrant, journalists 
went into hiding, the naturalist Oken 
fled to Switzerland, professors and 
pupils emigrated to America and privy 


councillor Wilhelm von Humboldt, 
throwing down his portfolio in despair, 
relinquished politics forever to devote 
himself to the mysteries of the Basque 
tongue and the old Kawi language of 
Java. Wise Wilhelm von Humboldt! 
It is always a relief to turn from the 
world to the cloisters of culture. 

In this year the bitter genius of Scho- 
penhauer gave to the German people his 
master[)iece, but they were in no condi- 
tion to read the ‘'World as Will and 
Idea.” They paid more attention to a 
pamphlet written by Hartwig Hundt, 
later suppressed by the censorshij), in 
which the novelist made the suggestion, 
“As for the children of Israel, let them 
be sold to the English who could employ 
them on their Indian plantations instead 
of the blacks. In order that the tribe 
may not increase, let the men be emascu- 
lated, and their wives and daughters 
lodged in the houses of shame,” In 
times of reaction, all sorts of ideas come 
to people’s heads. Through the turmoil 
and general consternation, one man 
remained Jove-like, aloof, serene, going 
forward with his love affairs and work : 
Goethe, unperturbed by Napoleon, was 
unaware of Metternich, Among innu- 
merable other activities, carrying on his 
researches in colors, Goethe read Pur- 
kinje ’s thesis with admiration, admitted 
that it stimulated him greatly, and 
quoted it frequently. The Bohemian 
physiologist, like the rest of the world, 
came to the Oracle at Weimar, and 
Goethe was astonished at his personality 
and devotion to science. ‘ ‘ Such an auto- 
didactic and self-tormenting, talented 
Piarist,” said Goethe, “represents a 
strajhge contrast in the midst of the 
Protestants.” It was inevitable that 
among Goethe’s crowded laurels should 
be entwined this leaf ; 

I have taken the liberty of dedicating to you 
the second edition of my reaearekes on '' flight 
from the Subjective View-point/' ainoe I could 
not resist making my strenucua mental efforts 
a memorial of my sentiments. Let us distegard 
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the fact that the work has been reprinted at 
the same time in a medical journal; this was 
not according to the original intention, and is 
a tribute which ray poverty has been com- 
pelled to pay to booksellers as the manuscript 
wandertMi around hopelessly for a year. I hoj)o 
this little volume will stir up a little more the 
phlegmatic interest of the Germans. 

I wish to draw Your Excellency’s attention 
to the appearance of the color-spectrums which 
could also bo exploited in the field of applied 
art, inasmuch as according to the personal ob- 
servations of Wach, the Berlin painter, the 
shady parts in colored drapery yield a clear 
dark color only when they obtain a light cover- 
ing of contrasting hue, when the objective 
produced by the subjective which has been 
created by the illuminative parts are eliminated. 

1 am also sending you a specimen of my re- 
searches in the development of the bird’s egg 
before laying. 

May you enjoy, with God ’s help, yet for a 
long time, your life so precious to us all. 

J. Ev. PURKINJJJ 

While serving as house-tutor in Blatna 
in the family of Baron Hildeprandt, 
Purkinje had met the Baroness Adelaide 
Desfours. In those days literature was 
potent to move men and women, and 
after reading Schnitzels poem, ‘'En- 
chanted Rose, Adelaide confessed that 
“she felt in her heart the magic spell 
and her life blossomed out into full 
bloom. ’ ^ She found herself overwhelmed 
with love for the gifted tutor, but an 
aristocratic lady must be discreet, and 
love was translated into friendship. 
Twenty-two of her letters, written to 
Purkinje after his graduation, remain 
as evidence of this stifled passion ; in 
the last of her correspondence, she tells 
him of her mother 's death, reproaches 
him with not having answered her 
former letter, and while informing him 
that she has rejected a proposal, advises 
him to marry. Purkinje remained silent, 
but he did not forget, and in later 
years published Kacer’s version of 
‘ ‘ Enchanted' Rose. ' ^ 

Before this edition appeared, Ernst 
Daniel August Bartels, probably the 
first professor of physiology in Germany, 
was called from Breslau back to the 


older university of Marburg where he 
had previously taught. Purkinje was 
among the candidates for the vacant 
chair, and was rejected by the professors 
who did not look with favor upon the 
unknown Slav. They did not reckon, 
however, with two great European pow- 
ers who stood behind Purkinje, and 
since the combination of Goethe and 
Alexander von Humboldt was irresist- 
ible, Purkinje in 1823 went to Breslau 
in spite of the faculty. He found him- 
self an unwelcome guest of the univer- 
sity, and his chair was not lined with 
velvet. Naturally he spoke German 
with a tinge of Czech accent, and the 
anatomist Otto sarcastically informed 
him that if he wished to be understood, 
he would better lecture in Latin. Pur- 
kinje was not eloquent in expounding 
theories, and when he hinted that up to 
the present a lecturer in physiology was 
‘ ‘ merely a mechanism by means of which 
the theories of the "old masters were 
repeated again and again, “ his classes 
dwindled in indignation and the faculty 
circulated a petition for his removal. 

Later Purkinje stirred up more trouble 
by asking for a microscope. The authori- 
ties could not understand why a physi- 
ologist needed a microscope, and they 
sighed for the good old days of Bartels. 
There was the famous Bartels, becoming 
a Gebeimrat and climbing to the Berlin 
chair; writing many books on Natur- 
pkilasophie, medicine and theology ; 
diagnosing all diseases with the most 
learned phrases and knowing enough to 
denounce such new-fangled notions as 
Laennec’s stethoscope; and yet he never 
needed a microscope. If this were per- 
mitted to go on, the university would be 
cluttered up with apparatus and speci- 
mens, and the students would be occu- 
pied in performing experiments instead 
of reading van Helmont and Haller and 
Bartels. Evidently the arguments failed 
to convince Purkinje, for in an unoccu- 
pied corner of the college building he 
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opened the first physiological laboratory. 
Had John Hunter tried to install his 
museum in St. George’s Hospital, he 
would not have aroused more opposition 
than Purkinje with his laboratory, which 
seemed to his colleagues utterly useless 
in medicine. Moreover, Otto, officious 
and esthetic, objected strongly to the 
stench. Purkinje solved the difficulty 
by transferring the laboratory to his own 
house, and thereafter he lived and dined 
and slept in the midst of physiological 
equipment — including the unavoidable 
odors. His wife was not supposed to 
complain, since she was the daughter of 
the scientist Rudolphi. 

In estimating the place of Purkinje 
in science, it should be remembered that 
he antedated the great experimental 
physiologists whose names are so fa- 
miliar to-day. When Purkinje pub- 
lished his thesis in 1819, Johannes 
Muller was just entering the University 
of Bonn, Claude Bernard was a child of 
six, Brown-S^quard and Carl Ludwig 
were infants, Du Bois-Reymond was 
celebrating his first birthday, Briicke 
was uttering his first cry and Helmholtz 
and Huxley were yet unborn. 

The test of a scientist’s character is 
his relationship to obscurer workers, 
Marshall Hall, in announcing the exis- 
tence of a system of excito-secretory 
nerves, did not mention Henry Fraser 
Campbell, for he had never heard of the 
American. Dr. Campbell, insisting that 
he had anticipated Marshall Hall and 
Claude Bernard in this discovery, for- 
warded to the English investigator a 
long letter and abstracts of his publica- 
tions. The great Marshall Hall, then in 
his last illness, could easily have been 
too occupied to concern himself with the. 
claims of the Georgia physiologist, and 
Campbell would have been forgotten. 
Instead, he sent a communication to the 
Lancet, giving the young doctor such 
full and generous credit that Campbell 
was encouraged to collect his essays into 
a volume whieh he dedicated to Marshall 
Hall ‘"in high admiration of his genius, 


and in heartfelt acknowledgment of his 
liberality. ’ ’ This idyll of physiology is 
rare enough, while contests over priority 
are frequent, wordy, often vindictive 
and seldom settled. Instances in which 
teachers appropriate the labors of their 
j)upils with inadequate recognition are 
not unknown even at the present day. 

In this respect, Purkinje was particu- 
larly chivalrous and free-handed : he 
frequently incorporated his most im- 
portant I'escarches into dissertations 
which were signed by his students. Of 
course it was Carl Ludwig who de- 
veloped this habit into a fine art. When 
Martin Barry, notable as the first to ob- 
serve the union of the spermatozoon 
with the ovum, worked with Purkinje 
and showed him his essay on fiber, 
Purkinje translated it for him and 
had it published in Muller’s Archiv. 
Another pupil was Gabriel Valentin, 
who increased our knowledge of taste 
and touch, of nucleus and nucleolus, and 
whose “Manual of the Development of 
the Fetus ’ ’ was the first systematic 
treatise on embryology — a mighty 
worker was Valentin in his day, rang- 
ing various fields, but his name has been 
almost submerged under the never- 
ceasing output of his successors. It 
was not the fate of Purkinje to leave 
behind him a school like Johanjties 
Miiller or Carl Ludwig, but we may say 
of him as Helmholtz said of Muller: 
“Whoever comes into contact with men 
of the first rank has an altered scale of 
value in life. Such intellectual contact 
is the most interesting event that life can 
offer. ’ ’ 

Purkinje could have made his dis- 
coveries in a hayloft, yet academic life 
must have had its attractions, for he 
retained his chair for over a quarter of a 
century. His work was the most im- 
portant produced in the Silesian univer- 
sity until the advent of Ferdinand Cohn, 
who after building the foundations of 
bacteriology at Breslau, helped Robert 
Koch lay the cornerstone tliere by his 
demonstration of the life-history of an- 
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thrax: Cohn wrote the great news to 
Darwin, and the old biologist replied, 
well remember saying to myself, be- 
tween twenty and thirty years ago, that 
if ever the origin of any infectious dis- 
ease could be proved, it would be the 
greatest triumph to science; arid now I 
rejoice to have seen the triumph/’ 

Gradually tlie personal character and 
exceptional attainments of Purkinje 
gained recognition at Breslau. Students 
came to his classes and laboratory, his 
colleagues acknowledged his services, his 
small salary wfis increased to more re- 
spectable proportions, much-desired ap- 
pai'atus was secured and in time the 
Prussian government erected for him a 
separate building devoted exclusively to 
physiology — this first Physiological In- 
stitute was opened on November 8, 1839, 
and forty yeai’S passed before Berlin 
followed Breslau. Purkinje had reached 
his goal, but the fire of his genius had 
exhausted itself, and most of his great 
discoveries, the mere list of which still 
amazes us, had already been made in his 
own home. He admitted that /‘many 
promising investigations await the time 
when I shall have regained my lost love 
of work,” but the fallow years proved 
that the ardor of youth had gone. He 
was indeed pleased at the tribute to his 
labors and science, although he no longer 
had the strength or enthusiasm to nau- 
seate and sicken himsejf with huge doses 
of digitalis in order to study distur- 
bances of vision. Moreover, adminis- 
trative duties and requisitions for sup- 
plies are incompatible with research. It 
is ])lcasant to be a director or a dean, 
but who ever heard of a dean discover- 
ing anything? Purkinje now neglected 
his hard-earned compound microscope to 
translate the lyrics of Schiller into 
Czech. 

The following letter written by Pur- 
kinje during his latter years at Breslau 
exhibits his interest in his seventeenth 
century countryman, the great school- 


master whose theological performances 
were unfortunate, but whose name will 
always survive in the history of educa- 
tion as one of the first rationalists in 
pedagogy. Wc are indebted for this 
letter to the courtesy of Purkinje ’s 
grand.son, Dr. Cyril Purkyne, director 
of the Statnf Gelogicky tlstav Cc.sko- 
slovenske Republiky: 

Breslau, August 29th, 1844. 

My clear frieuil: 

Tliat 1 am with you in spirit, although far 
away for the past two years, you may judge 
from my effort to join you and share with your 
vicissitudes until death. With the assistance of 
Mr. P. H. Klel)el8l)erk T have obtained Austrian 
citizenship for which 1 applied last year, and 
this year I have presented through this same 
gentleman my request for the chair of physi- 
ology at the ITiiivcrsity Praha, to Count 
Kolowrat. I doubt whether it would be ad- 
visable to inform Mr. Nddheruy regarding this 
step, as ho scMims to shun my free thinking, 
although he himself has recently suggested to 
me to apply for transfer. My petition for 
citizenship has been presented upon his advice, 
and jKirhaps without need. His second sugges- 
tion was to send a petition to the Emperor, 
although my citizenship definitely includes my 
right (for which 1 have asked) to apply for 
appointments to the institutes of learning in 
Austria. I presented myself to TUrkheim and 
later upon the advice of K. to Kolowrat. We 
shall see what the result will be. From the en- 
closed letter of the Eev. Sidewice, L^sno, Prus- 
sia, you will note that I have reopened negotia- 
tions for the purchase of the manuscript of 
Coiftenius and that they now seem to bo more 
approachable, perhaps because of the fact that 
the Gymnasium Director, Mr. Scholor, who was 
the one who chiefly insisted to retain and ex- 
hibit the manuscript together with the relic and 
portrait of Comenius in the gymnasium library, 
has now been transferred to Erfurt. I do not 
8130 from your letter that Celakovsk^ could have 
given you any information about it, as you cer- 
tainly would not have been silent on the sub- 
ject and thus frustrated my many years ^ effort. 

I would have replied to your letter earlier, 
but I did not want to come to you empty- 
handed and so I copied for you from Comenius * 
own manuscript, rewritten and reedited church 
songs, introduction, which might be published 
in the Musejnik as an example of writing of 
that time. 

Bhould the Muscium Committee defluitely not 
wish these manuscripts, please have them send 
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ma t tew UaM in Oenoan for my Teriflcation. 
Ton win kindly Ntnm to mo Sldewlee’o letter. 

I look forward to an early reaponM from 
yon and with my retfectfnl greetingi to your 
wife and kiuH to yonr children, I am, 

Tour devoted 

Jaw PuketnI 

As previously stated, Purkinje’s first 
work was in physiological optica. Thrice 
he wrote his name in this field: Pnr- 
kinje's figures, Purkinje's images and 
Purkinje ’s phenomenon. A bibliography 
of the contributions to these subjects 
during a century would show how a 
large number of investigators received 
their impulse from Purkinje. The work 
of Puilrinje was germinative, for even 
if it consisted of only a few paragraphs, 
it proved reproductive. His method of 
lifting the retina, his measurements of 
the curvatures of the lens and cornea, 
his studies of the refracting surfaces of 
the eye with mirrors not only antici- 
pated the ophthalmoscope of Helmholtz, 
but even made it inevitable. 

The name of Francis Oalton is usually 
associated with the foundation of finger- 
print identification, but seventy years 
earlier, Purkinje wrote: “The wonder- 
ful arrangement and design which are 
on the palm of the hand and upon the 
sole of the foot, and especially the little 
hollows on the fingertips, the papillary 
lines, command our attention." He 
then proceeded to describe with accu- 
racy the unchanging character of finger- 
prints, illustrated with various figura- 
tions. His pioneey work is of value to 
all criminologists, and the English peni- 
tentiary inspector, Major Arthur Grif- 
fiths, author of the “Chronicles of New- 
gate," writes; "The permanent cl^r- 
aeter of the finger-print was first put 
fortrard adentificaUy in 1828 by J. B, 
Paridhije, au eifinent professor of physi- 
oldgy, w'ho read a paper before the Uni' 
UMsii^ bf Breriau, adducing nine staud- 
(Wdiy^ea advocating 

« attraeted 

G. Bosi^ 


we may call Purldnje the old master of 
dactyloscopy. 

Most pre-Virchovian workers, includ- 
ing Puikinje, are rather roughly 
handled in the “Cellular Pathology," 
but Virchow credits Purkinje with hav- 
ing devised the term corpora amylacta; 
he also introduced the terms enchyma, 
cambium, protoplasm and others — al- 
most reminding Us of Walther Flem- 
ming who in a single year increased the 
nomenclature of cytology with mitosis, 
amitosis, karyomitosis, dyaster, karen- 
chyma, net-knot, spireme, mitome, karyo- 
plasm and interfilar substance. Rich- 
ard Mead, relying on the experiments of 
Galen, felt safe in swallowing the poison 
of vipers, but Purkinje broke new 
ground in some of his self-experiments 
with belladonna, camphor, digitalis, 
opium, stramonium and turpentine. 

Every investigator of the first rank 
has conducted a host of minor researches, 
and among Purkinje ’s innumerable ones 
may be mentioned: an early paper “On 
the World of Dreams," now over a cen- 
tury old, which should be read to-day in 
the light of Freudism; the contribution 
to acoustics, “On Tartini’s Tones"; his 
auscultation experiment, by vriiich he 
was able to determine tiie points of rest 
and motion of a vibrating plate, without 
employing Chladni’s sand; his work on 
rhizopods, the nautilus, and embryology 
of the tadpole; his original description 
of the peculiar formation of the skin 
of cucumber plants, and his observa- 
tions of the methods of fertilization ig 
the plant world. 

More important investigations, and be- 
longing ehiefiy, but not exclusively, to 
his fivst sixteen years at Breslau, were 
his contribution to photometry ; his 
observation that deaf-mutes can hear 
through the bmies ct the droll; his ex- 
periments fipon the profinotion Of vertigo 
which paved the way for the bwwiedge 
of nystagmus; work with Pappen- 
helm <m artificial digjaitioh trhiah ante- 
dates fidrvBnn, itteludOhig the demons^ 
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tion of the disaolving power of acidu- 
lated infusion of pancreatic juice; his 
researches with Valentin on ciliary epi- 
thelial movement and the explanation of 
its independence of the nervous system; 
his original description of bone, carti- 
lage, blood-vessels, gastric glands and 
special organs ; his discovery of the 
sudoriferous glands and their ducts; of 
the flask-shaped Purkinjean nerve-cells 
with their axonea and branching den- 
drites which form the characteristic 
features of the cerebellum, and of the 
Purkinje fibers in the cardiac muscle. 
In microscopy he was the first to 
use the microtome, microphotography, 
Drummond lime light, glacial acetic 
acid, potassium bichromate and Canada 
balsam. 

There is much confusion in regard to 
discoveries of the nucleus : standard gen- 
eral and medical dictionaries give incor- 
rect information, and Locy, although he 
devotes much space to it, in no way 
clarifies the subject. We have fre- 
quently read the statement that Pur- 
kinje in 1825 discovered the nucleus of 
the human ovum; this is manifestly im- 
possible when we remember that the 
mammalian ovum itself was not dis- 
covered until two years later by von 
Baer. What Purkinje did discover was 
the nucleus or germinal vesicle in birds, 
announcing his find in the Oratulci;^i<m- 
schrift to Blumenbach; he was likewise 
the first to use the term protoplasm 
for the embryonic formative substance. 
Misstatements concerning Purkinje are 
prevalent: for example, Littr6, in his 
classic Dictionnaire de Medecine, actu- 
ally refers to him as anatomiste hon- 
grosis; while Borland, after thirteen 
editions of his popular dictionary, re- 
peats this error, and gives the date of 
his death as 18501 A man whose con- 
nection with the cell doctrine was as 
intimate as Purkinje 's deserves more 
accuracy on the part of lexicographers. 
If Schleiden and Schwann are the 
fathers of the cell-theory, Purkinje is 


at least its great uncle, for prior to 
Schleiden and Schwann he taught that 
organs consist of cells and nuclei, and 
suggested the probable identity in the 
structure of animal and plant cells. In 
this, however, he was not without va- 
rious forerunners. 

Since the universal cell is now recog- 
nized as the basis of life, we should be 
familiar with a chronology of cytology, 
and many of the earlier dates and facts 
will be found in that storehouse of bio- 
logical knowledge, Johannes Muller’s 
book. It is a pity that this great man- 
ual of physiology should have been 
superseded by later productions, for in 
numerous respects it has never been 
equaled. Even to-day, with a little 
editing and some foot-notes, it would 
serve admirably, for as far as we re- 
call, the only passage that is entirely 
obsolete is the following: ''Woman is 
distinguished by her modesty, meek- 
ness, patience and amiability; by her 
readiness to sacrifice her own good and 
herself for the sake of others ; by 
her tenderness, sympathizing disposi- 
tion, and piety. The field of her ac- 
tivity is her home and family.” 

If it be asked why Purkinje spent 
twenty-six years in a foreign country, 
the answer is simple : for the same rea- 
son that Easpar Wolff, the founder of 
modern embryology, journeyed from his 
native Berlin to spend his last thirty 
years in Russia. Purkinje had applied 
for a chair in Prague, but they were 
filled with long-lived occupants, or 
the authorities appointed what Huxley 
would call a "safe nobody.” Wolff 
may have grown accustomed to Cath- 
erine the Great, but in spite of his 
success at Breslau, Purkinje felt an ex- 
patriate, and cast many longing glances 
toward his own soil — ^more than onoe he 
sought an opportunity for returning, 
but Bohemia was not yet ready for 
her greatest son. Purkinje was a true 
Czech, and Tyl’s "Ede domov mflj” 
stirred him as if he were a gynmaafum 
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student. Fortunately for his reputa- 
tion, he was not guilty of the extrava- 
gances of the great Swedish anatomist, 
Olof Rudbeck, who, ignoring his real 
discoveries, regarded the “Atlantican” 
as his chief work — huge folios claiming 
that after Noah’s flood, the land which 
Japheth sought and found was Sweden, 
the Almighty’s favorite spot on earth. 
How men of intelligence can do these 
things is really beyond comprehension. 

Purkinje finally returned to Prague 
as professor of physiology. ‘‘Well do 
we remember,” says a Czech writer, 
‘‘how Purkyni’s coming in 1850 was 
celebrated not only in Prague, but in 
all the provinces.” Old and famous, he 
was no longer compelled to fight for a 
laboratory : the Austrian government 
gave him a splendid one, with a capable 
assistant and an adequate salary. Pur- 
kinje was over sixty, and he proved 
that apparatus alone can not make dis- 
coveries. 

It would be entirely erroneous, how- 
ever, to believe that he had retired, or 
that his intellectual activity was at an 
end. The days of his epochal discov- 
eries were indeed over, but he had made 
enough for an entire institute of re- 
search. He now busied himself with 
Czech politics, and whoever did that in 
the mid-nineteenth century was much 
occupied — he was elected to the senate 
and served with exemplary diligence. 
The pen is often the staff of age, and 
Purkinje wrote copiously; he was a 
founder and editor of the journal of 
natural history, Ziva, and for several 
years one of its principal contributors. 
He vitalized the Journal of the Bohe- 
mian Museum, and his popular essays 
in the Bohemian language stimulated 
interest in nature. He continued to 
develop the ideas of Pestalozzi, and 
discussed the establishment of orphan 
asylums from a scientific standpoint. 
Josef Elika was able to produce a 
lengthy monograph devoted exclusively 
to ^'Purkinje as a Pedagogue.^' 


There are few scientific workers of the 
scope of Purkinje of whom as little is 
generally known. His name does not 
once occur in Baas, although that thick 
and valuable volume is at times over- 
loaded with forgotten names. If, an 
explanation is sought of this and sim- 
ilar omissions elsewhere, it is found par- 
tially in the fact that Purkinje, by re- 
turning to Prague and not identifying 
himself with the Vienna school, stood 
apart from the main stream of German 
medicine — indirect but potent testimony 
of the influence of the Vienna school. 
Distinguished medical travelers, such as 
Richard Bright and those who followed 
ill his footsteps, have left their impres- 
sions of medical Vienna, but Prague 
was out of the way. 

It would not be correct, however, to 
cite Purkinje as an example of genius 
overlooked by his contemporaries and 
neglected by posterity. Even when he 
ceased to keep up with the progress of 
physiology, and younger giants over- 
stepped his own frontiers, he was not 
disregarded. In fact, to read nice things 
about himself he was not obliged to 
follow the usual custom and wait for the 
obituary notices. In 1859, the distin- 
guished Eiselet published an accurate 
analysis of Purkinje ’s work, occupying 
twenty printed pages; in 1867, an ap- 
preciative biographical sketch appeared 
in Bvetozor, concluding with the passage : 

. . . the areateflt reward and one which ia 
dearest to him is the unbounded affection with 
which our entire nation clings to him, the proof 
of which was apparent last summer when he 
passed through some parts of the land. Wher- 
ever he appeared citisens endeavored to honor 
.him; the day of his coming was a day of cele- 
bration. He is truly not only honor-deserving, 
but a really lovable personage. Whoever sees 
him must love him. He has lived eighty years, 
and certainly not in leisure, but he stUl walks 
with vigor and enjoys splendid health; it seems 
as though nature herself wishes to mark her 
ardent admirer and worker. 

His faculties are excellent, and he who would 
count upon his **aged memory,’' would be much 
surprised. Hie humor retkine its original fresh- 
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ness; he likes to be in company and oontributee 
to oonverBation his characteristic wit. He has 
never known idleness and despises it now: he 
must be active, always, either in his own 
branch, or he finds other work and pursues it 
with youthful enthusiasm. Only recently he 
translated the ^ ^ Evangelium ’ ’ of Ballet, and 
Barthriari's “Book of Love"; he edited the 
original Austria Polyglotta^ and learned the 
difficult Magyar tongue: he practices his violin, 
etc. 

We can not do better in taking leave of this 
noble and beloved son of our nation than to call 
heartily Mnognja letal [many years]. 

In 1868, the Bohemian Medical Society 
at Prague published a quarto— -Quod 
honum, felix, faustum foriunatumque 
sit, Joanni Ev. Purkyne, diem semi- 
saecularem X. dec. 1868 sv/mmorum in 
medicina honorum in alma antiquis- 
simaque univerdtate Pragena celehranti 
gratulatur. . . . The obituary notice 
in the Proceedings of the Royal Society 
of London, after summing up his un- 
usual achievements, states : 

In 1848 he attended the meeting of the 
Slavonic races in Prague, and was present at 
the celebration of the five hundredth aoniver’ 
sary of the foundation of the university, when 
the degree of doctor of philosophy was con- 
ferred upon him. A long-cherished wish to be 
enabled to pass the remainder of his days in 
his native country was gratified. . . . His elec- 
tion as a foreign member of the Boyal Society 
took place in 1850. He was corresponding 
member of the French Institute, member of the 
academies of Vienna, Berlin and Bt. Petersburg 
and of many other learned societies. He re- 
tained his vigor of body and mind up to the 
last days of his life. His death, after an ill- 
ness of no long duration, on the 28th day of 
July, 1869, was mourned by every class of 
society in Bohemia. 

When we think of that trinity of 
astronomers, Horrocks, Gascoigne, Grab- 
tree : Jeremiah Horrocks, discovering the 
transit of Venus across the sun, and 
in terror that his Sabbath duties as a 
parish curate would prevent him from 
observing this phenomenon, practically 
a beggar, . without leisure for science, 
in broken health, dead at the beginning 
of his twenties, and from his grave 


teaching a Newton; his friend, William 
Gascoigne, inventor of the micrometer, 
slain in his youth at Marston Moor, 
leaving his work unfinished; his other 
friend, William Crabtree, corrector of 
the Budolphine Tables, likewise disap- 
pearing early from the banquet of life 
in an unknown manner — we are thank- 
ful that Purkinje, like Goethe and Hum- 
boldt, was spared by fate to write Finis 
to his labors. At the time of his death, 
Purkinje was in his eighty-second year. 
Happy is the pioneer who becomes a 
patriarch, and at whose bier a grateful 
and sorrowing nation bows its head. 

Now that Purkinje 's beloved Bohemia 
has emerged as an independent country, 
the Republic of Czechoslovakia is add- 
ing new laurels to the name of Purkinje., 
Eamil Lhotik v. Lhota, professor of 
pharmacology at Prague, edited a hand- 
some volume of Purl^je’s original 
monographs. Paul J. Hanzlik, of Stan- 
ford University, informs us of the sad 
fact that Dr. Lhot4k died young of 
gastric carcinoma, but no doubt other 
devoted hands will carry on the work. 
Professor Hanzlik has also directed our 
attention to two volumes recently issued 
by the Czech Medical Society of the per- 
sonal correspondence of Purkinje, con- 
taining letters sent to him from a con- 
siderable number of people in all walks 
of life and from all over Europe— the 
nobility, statesmen, publicists, poets and 
scientists. 

Foreign countries have also not for- 
gotten him. E. Thomsen, of the Uni- 
versity of Copenhagen, published in the 
Skandinavisches Archiv fur Physiologie 
a study of Purkinje for which he re- 
ceived a gold medal. In a personal 
letter to Henry Jerry John, of the Cleve- 
land Clinic, Dr. Thomsen writes: ** There 
does not exist any reprint of my article 
on Purkinje. That work was written 
when I was a poor student, unable to 
buy reprints I*' — ^hore, then, is an im- 
portant function for the photostat. Dr. 
John is the chief Purkinje student in 
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this country, and after several years of 
effort has collected, in many volumes, 
practically everything that has been 
written by and about his illustrious 
countryman. We can not permit this 
occasion to pass without acknowledging 
our indebtedness to Dr. John for plac- 
ing at our disposal his patiently accu- 
mulated data and the illustrations which 
adorn his essay; when we add that Dr. 
John himself is planning a biography 
of Purkinje, yet readily granted prior 
use of his material, his generosity will 
be realized. A definitive biography of 
Purkinje, sixty years after his death, is 
much desired, for his influence lives : the 
Quarterly Cumulative Index Medicus 
for 1928 seems to contain more refer- 
ences to Purkinje and his work than to 
any other physiologist of his era. It 
is the glory of Purkinje that he holds a 
foremost place among the investigators 
who found physiology a speculative sub- 
ject and left it an experimental science. 

HradSany Hill with its castles and 
cathedrals has seen a thousand years of 
battle, and for centuries the waters of 
Vltava have been reddened by intoler- 
ance. Towers upon towers, and those 
black Towers of the Abandoned. This 
is the story of Prague, and it is also 
the story of every capital in Europe. 
Climbing the Petrin, looking over 
Prague to the Giant Mountains, and 
from the heights of Moravia’s frontier 
to the Bohemian Forest, how magnifi- 
cent would be the view if we did not 
know that every inch of soil was blood- 
stained. Prague is beautiful — Humboldt 
calls it the most beautiful inland town of 
Europe — and to enter this historic 
threshold would be a feast for the soul, 


could we but forget the aggressions of 
kings and the endless strife of conflict- 
ing sects in the name of the Prince of 
Peace. . . . That wonderful old clock 
with the moving apostles and the crow- 
ing cock is still ticking the time — 
the clock that told the hours before 
Columbus set sail for America and im- 
mortality. Those countless moss-grown 
tombs in the ancient and crowded bur- 
ial-ground of the Jews — under the elder- 
trees, the teacher tenderly surrounded 
by his thirty-three scholars. To Prague 
in his broken years came that master of 
the moon, Tycho Brahe, and here are his 
remains and relics ; after him followed a 
pock-marked vagabond from a public- 
house to capture a planet for a mad em- 
peror — John Kepler ’s * ' Commentaries 
on Mars” helped fulfil the prophecy of 
Libussa: ‘‘I see a city whose glory 
touches the stars.” Monuments of mon- 
archs and warriors — several recently re- 
moved from the public squares and 
hidden in museums. Let these medieval 
spirits disappear forever, until there 
glows across humanity’s sky the sunrise 
that shall never set, burning away the 
barriers that divide the human race, re- 
vealing at last to the children of Mother 
Earth that none can be aliens and all are 
brothers. . . . Wandering through the 
streets of Prague, in the aimless yet 
interested fashion of tourists, we came 
suddenly upon a simple house with a 
plain tablet stating that this was the 
house of Purkinje. To the student of 
science this is the most inspiring spot 
in all Prague, for here lived the man 
who standing humbly before truth, read 
many of nature’s secrets, and thus en- 
larged the human horizon. 
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Whether we understand it or not, we 
have all heard of the Einstein theory, 
and failure to understand it does not 
seem incompatible with the holding of 
opinions on the subject, sometimes of a 
militant and antagonistic character. 

Twenty-four years have elapsed since 
Einstein published his first paper on 
relativity, dealing principally with cer- 
tain relations between mechanics and 
optics. Since that time a new genera- 
tion has grown up to whom pre-Einstein 
science is a matter of history, not of ex- 
perience. Eleven years after his first 
paper Einstein published a second, in 
which he broadened and extended the 
theory laid down in the first so as to in- 
clude gravitation. And now again, thir- 
teen years later, in a third paper, Ein- 
stein has broadened his theory still far- 
ther so as to include the phenomena of 
electricity and magnetism. 

In view of the rekindling of interest 
in Einstein because of the appearance of 
his latest paper it may be worth while to 
reexamine and restate the primary foun- 
dations upon which his theory rests. 

The general interest taken in this sub- 
ject is frequently a mat^r of wonder to 
those of us who must give it attention 
professionally, for there are in modem 
physical science other doctrines which 
run closely second to that of Einstein in 
strangeness and novelty, yet none of 
these seems to have taken any particular 
hold on popular imagination. 

Perhaps the reason for this is that 
these theories deal with ideas which are 
remote from ordinary life, while Ein- 
stein lays iconoclastic hands on two con- 
cepts about which every intelligent per- 

1 Publicatfon approved by the direetdt of the 
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son believes that he really knows some- 
thing — space and time. 

Space and time have been regarded 
'‘always, everywhere and by all,'' as in- 
dependent concepts, sharply distinguish- 
able from one another, with no correla- 
tion between them. Space is fixed, 
though we may move about in it at will, 
forward or backward, up or down ; and 
wherever we go our experience is that 
the properties of space are everywhere 
the same, and are unaltered whether we 
are moving or stationary. Time, on the 
other hand, is essentially a moving 
proposition, and we must perforce move 
with it. Except in memory, we can not 
go back in time; we must go forward, 
and at the rate at which time chooses to 
travel. We are on a moving platform, 
the mechanism of which is beyond our 
control 

There is a difference also in our mea- 
sures of space and time. Space may be 
measured in feet, square feet or cubic 
feet, as the case may be, but time is es- 
sentially one-dimensional. Square hours 
or cubic seconds are meaningless terms. 
Moreover, no connection has ever been 
recognized between space and time mea- 
sures. How many feet make one hourf 
A meaningless question, you say, yet 
something that sounds very much like it 
has (since Minkowski) received the 
serious attention of many otherwise 
reputable scientific men. And now 
comes Einstein, rudely disturbing these 
old-established concepts and asking us to 
recast our ideas of space and time in a 
way that seems to us fantastic and 
bizarre. 

What has Einstein done to these fun- 
damental concepts t 

He has introduced a correlation Or eon« 
nesting link between what have always 
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been supposed to be separate and dis- 
tinct ideas. In the first place, he asserts 
that as we move about, the geometrical 
properties of space, as evidenced by 
figures drawn in it, will alter by an 
amount depending on the speed of the 
observer’s motion, thus (through the 
concept of velocity) linking space with 
time. He also asserts in the second 
place that the fiow of time, always re- 
garded as invariable, will likewise alter 
with the motion of the observer, again 
linking time with space. 

For example, suppose that we, with 
our instruments for measuring space 
and time, are located on a platform 
which we believe to be stationary. We 
can not be altogether certain of this, for 
there is no other visible object in the 
universe save another similar platform 
carrying an observer likewise equipped; 
but when we observe relative motion be- 
tween our platform and the other it 
pleases our intuition to suppose our plat- 
form at rest and to ascribe all the motion 
to the other. 

Einstein asserts that if this relative 
velocity were great enough we might 
notice some strange happenings on the 
other platform. True, a rather high 
velocity would be necessary, something 
comparable with the speed of light, say 
100,000 miles a second ; and it is tacitly 
assumed that we would be able to get a 
glimpse of the moving system as it 
flashed by. Granting this, what would 
we Beet 

Einstein asserts that if there were a 
circle painted on the moving platform it 
would appear to us as an ellipse with its 
short diameter in the direction of its 
motion. The amount of this shortening 
would depend upon the speed with 
which the system is moving, being quite 
imperceptible at ordinary speeds. In 
the limit, as the speed approached that 
of light, the circle would flatten com- 
pletely into a straight line — its diameter 
perpendicular to the direction of motion. 


Of this shortening, says Einstein, the 
moving observer will be unconscious, for 
not only is the circle flattened in the 
direction of motion, but the platform it- 
self and all it carries (including the ob- 
server) share in this shortening. Even 
the observer’s measuring rod is not ex- 
empt. Laid along that diameter of the 
circle which is perpendicular to the line 
of motion it would indicate, say, ten cen- 
timeters ; placed along the shortened 
diameter, the rod, being itself now 
shortened in the same ratio, would ap- 
parently indicate the same length as 
before, and the moving observer would 
have no suspicion of what we might be 
seeing. In fact, he might with equal 
right suppose himself stationary and lay 
all the motion to the account of our 
platform. And if we had a circle 
painted on our floor it would appear 
flattened to him, though not to us. 

Again, the clock on the other ob- 
server’s platform would exhibit to us, 
though not to him, an equally eccentric 
behavior. Suppose that other platform 
stopped opposite us long enough for a 
comparison of clocks, and then, backing 
off to get a start, flaidied by us at a high 
speed. As it passed we would see that 
the other clock was apparently slow as 
compared with ours, but of this the mov- 
ing observer would be unconscious. 

But could he not observe our clock f 

Certainly, just as ecisily as we could 
see his. 

And would he not see that our clocA 
was now faster than hist ‘‘No,” says 
Einstein. ‘‘On the contrary, he would 
take it to be slower.” 

Here is a paradox indeed I A’s clock 
appears slow to B while at the same time 
B’s clock appears slow to A I Which is 
right! 

To this question Einstein answers in- 
differently ; 

‘‘Either. It all depends on the point 
of view.” 
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In asserting that the rate of a moving 
clock is altered by its motion Einstein 
has not in mind anything so materialistic 
as the motion interfering with the 
proper functioning of the pendulum or 
balance wheel It is something deeper 
and more abstruse than that. He means 
that the flow of time itself is changed 
by the motion of the system, and that 
the clock is but fulfilling its natural 
function in keeping pace with the 
altered rate of time. 

A rather imperfect illustration may 
help at this point. If I were traveling 
by train from the Atlantic to the Pacific 
Coast it would be necessary for me to 
set my watch back an hour occasionally. 
A less practical but mathematically more 
elegant plan would be to alter the rate 
of my watch before starting so that it 
would indicate the correct local time 
during the whole journey. Of course, 
on a slow train less alteration would be 
required. The point is this : that a time- 
piece keeping local time on the train will 
of necessity run at a rate depending on 
the speed of the train. 

Einstein applies a somewhat similar 
concept to all moving systems, and as- 
serts that the local time on such systems 
runs the more slowly the more rapidly 
the system moves. 

It is no wonder that assertions so 
revolutionary should encounter general 
incredulity. Skepticism is nature's 
armor against foolishness. But there 
are two reactions possible to assertions 
such as these. One may say : ‘ * The man 
is crazy" or one may a^: “What is the 
evidence ? ' ' 

The latter, of course, is the correct 
scientific attitude. To such a question 
Einstein might answer laconically : 
“Desperate diseases require desperate 
remedies. ' ' 

“But," we reply, “we are not con- 
scious of any disease so desperate as to 
require such drastic treatment. " 

“If you are not," says Einstein, “you 
should be. Does your memory run back 


thirty years! Or have you not read, at 
least, of the serious contradiction in 
which theoretical physics found itself in- 
volved at the opening of the present 
century?" 

Einstein's reference is to the difficulty 
which arose as a consequence of the 
negative results of the famous Michel- 
son-Morley experiment and other experi- 
ments of a similar nature. The situation 
that then arose is perhaps best explained 
by an analogy. 

If we were in a boat, stationary in still 
water, with trains of water-waves pass- 
ing US, it would be possible to determine 
the speed of the waves by timing their 
passage over, say, the length of the boat. 
If the boat were then set in motion in the 
same direction in which the waves were 
traveling, the apparent speed of the 
waves with respect to the boat would be 
decreased, reaching zero when the boat 
attained the speed of the waves; and if 
the boat were set in motion in the oppo- 
site direction the apparent speed of the 
waves would be increased. 

If the boat were moving with uniform 
speed in a circular path, the apparent 
speed of the waves would fluctuate peri- 
odically, and from the magnitude of this 
fluctuation it would be possible to deter- 
mine the speed of the boat. 

Now the earth is moving around the 
sun in a nearly circular orbit with a 
speed of about eighteen miles per second, 
and at all points in this orbit light waves 
from the stars are constantly streaming 
by. The analogy of the boat and the 
water-waves suggested to several physi- 
cists, toward the close of the nineteenth 
century, the possibility of verifying the 
earth's motion by experiments on the 
speed of light. 

True, the speed of the earth in its 
orbit is only one ten-thousandth of the 
speed of light, but methods were avail- 
able of more than sulRoient precision to 
pick up an effect of this order of magni* 
tude. It was, Aerefore, with the great- 
est surprise, not to say consternation, 
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that the results of all such experiments 
were found to be negative ; that analogy, 
for some unexplained reason, appeared 
to have broken down somewhere between 
mechanics and optics; that while the 
speed of water-waves varied as it should 
with the speed of the observer, the veloc- 
ity of light seemed completely unaffected 
by such motion. 

Nor could any fault be found with 
method or technique. At least three 
independent lines of experiment, two 
optical and one electrical, led to the 
same negative conclusion. 

This breakdown of analogy between 
mechanics and optics introduced a sharp 
line of division into physical science. 
Now since the days of Newton the gen- 
eral trend of scientific thought has been 
in the direction of removing or effacing 
such sharp lines indicating differences in 
kind and replacing them by differences 
in degree. In other words, scientific 
thought is monistic, seeking one ultimate 
explanation for all phenomena. 

Kepler, by his study of the planets, 
had discovered the three well-known 
laws which their motion obeys. To him 
these laws were purely empirical, sepa- 
rate and distinct results of observation. 
It remained for Newton to show that 
these three laws were mathematical con- 
sequences of a single broader law — that 
of gravitation. In this, Newton was a 
monistic philosopher. 

The whole of the scientific develop- 
ment of the nineteenth century was 
monistic. Faraday and Oersted showed 
that electricity and magnetism were 
closely allied. Joule, Mayer and others 
pointed out the equivalence of heat and 
woit Maxwell correlated light with 
electricity and magnetism. By the close 
of the century physical phenomena of all 
kinds were regarded as forming one 
vast, interrelated web, governed by 
some broad and far-reaching law as yet 
unknown, but whose discovery was con- 
fidently expected, perhaps in the near 


future. Gravitation alone obstinately 
resisted all attempts to coordinate it 
with other phenomena. 

The consequent reintroduction of a 
sharp line between mechanics and optics 
was therefore most disturbing. It was 
to remove this difficulty that Einstein 
found it necessary to alter our funda- 
mental ideas regarding space and time. 
It is obvious that a varying velocity can 
be made to appear constant if our space 
and time units vary also in a proper 
manner, but in introducing such changes 
we must be careful not to cover up the 
changes in velocity readily observable in 
water-waves or sound waves. 

The determination of such changes in 
length and time units is a purely mathe- 
matical problem. The solution found by 
Einstein is what is known as the Lorentz 
transformation, so named because it was 
first found (in a simpler form) by 
Lorentz. Einstein arrived at a more 
general formula and, in addition, was 
not aware of Lorentz ’s work at the time 
of writing his own paper. 

The evidence submitted so far for 
Einstein's theory is purely retrospec- 
tive; the theory explains known facts 
and removes difficulties. But it must be 
remembered that this is just what the 
theory was built to do. It is a different 
matter when we apply it to facts un- 
known at the time the theory was con- 
structed, and the supreme test is the 
ability of a theory to predict such new 
phenomena. 

This crucial test has been successfully 
met by the theory of relativity. In 1916 
Einstein broadened his theory to include 
gravitation, which since the days of 
Newton had successfully resisted all 
attempts to bring it into line with other 
phenomena. Prom this extended theory 
Einstein predicted two previously un- 
suspected phenomena, a bendipg of light 
rays passing .close by the sun and a shift 
of the Fraxuihofer lines in the solar 
spectrum. Both these predictions have 
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now been experimentally verified. This 
aspect of the subject has been elsewhere 
discussed by the present writer.® 

Mathematically, Einstein’s solution of 
our theoretical diflSculties is perfect. 
Even the paradox of the two clocks, each 
appearing slower than the other, be- 
comes a logical consequence of the 
Lorentz transformation. Einstein’s ex- 
planation is sufficient, and up to the 
present time no one has been able to 
show that it is not necessary. 

Einstein himself is under no delusion 
on this point. He is reported to have 
said: *'No amount of experimentation 
can ever prove me right ; a single experi- 
ment may at any time prove me wrong.” 

Early in the present year Einstein 
again broadened his theory to include 
the phenomena of electricity and mag- 
netism. This does not mean that he has 
given an electromagnetic explanation of 
gravitation ; many attempts of this kind 
have been made, and all have failed in 
the some respect — ^to recognize that 
there is no screen for gravitation. 
What Einstein has done is something 
deeper and broader than that. He has 
succeeded in finding a formula which 
may assume two special forms according 
as a constant which it contains is or is 
not zero. In the latter case the formula 
gives us Maxwell’s equations for an 
electromagnetic field ; in the former, 
Einstein’s equations for a gravitative 
field. 

But in spite of the formal success of 
Einstein’s attempt to bring order into 
theoretical physics, his theory lacks the 
cordial support of many persons, includ- 
ing a certain number of conscientious 
scientific men. To conservative minds 
his theory has no natural attractiveness. 
By some such it is accepted on a purely 
tentative basis, for lack of a better ex- 
planation, while others refuse to accept 

• ‘‘The Common Bense of the Theory of 
Belatlvity,’'* Bcxentifio Mokthlt, December, 
1923; “The Present ptatns of the Theory of 
BelEtivity,“ BoiENTirio Monthlt, July, 1926. 


it at all, as fantastic, bizarre and 
opposed to common sense. 

But the history of science teaches us 
the danger of relying too much on com- 
mon sense. When Mayer, in the nine- 
teenth century, came to the conclusion 
that work could be converted into heat, 
his doctrine seemed as fantastic to the 
Victorian physicists as Einstein’s theory 
appears to any one to-day. The Annalen 
der Physik refused to publish Mayer’s 
paper. One of his critics said to him: 
”Why, man, this is against common 
sensei If what you say were true, 
water could be warmed by merely shak- 
ing it!” 

Mayer felt the force of this argument, 
and for some time could find no reply. 
Finally, weeks later, it is said, he wa&ed 
into his friend’s presence and without 
preface announced: “It is!” 

Common sense is a great turncoat. 
To-day, if any one were to assert that 
water could be shaken without being 
warmed, he would have the common- 
sense argument used against him. 
“Common sense” is too often a synonym 
for inherited and traditional modes of 
thought. As Eddington says, the cos- 
mos is undoubtedly regulated by sense, 
but not always by common sense. 

With the honest doubter of relativity 
the writer has unlimited sympathy, for 
he himself was for some years of that 
company. Such a one is in no comfort- 
able frame of mind. He knows that 
scientific questions are not decided by 
majorities; he remembers the long reign 
of the phlogiston theory and the later 
N-ray delusion, but he can not witness 
without misgivings the steady movement 
of his respected fellow scientists to enlist 
under the Einstein banner. 

There is a disease to whose insidious 
attack every one of us is liable. Let us 
call it psychosclerosis. When one has 
thought in a certain way for a long time 
it is often difficult to see the force of the 
evidence for anything revolutionary. 
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The great Agassiz never accepted the 
doctrine of evolution, though every one 
of his students did. Kelvin to the end 
of his days found it difficult to believe 
that the energy emitted by radioactive 
bodies came from within the atom. He 
clutched at straws, searching for some 
unsuspected type of radiation in space, 
absorbable only by those bodies which 
we call radioactive. 

Psychosclerosis, it seems, may develop 
at any age. Some exhibit it before 
reaching years of discretion; others, a 
few fortunate ones like Lorentz, may 
remain plastic to the end of the chapter. 
It will be well worth while for any hon- 
est doubter of Einstein to give this 
point serious consideration. The writer 
himself was for some years unable to see 


the force of the evidence, but largely in 
consequence of the failure of an experi- 
mental venture of his own which was 
designed to prove Einstein wrong, he 
(like his namesake nineteen centuries 
ago) saw a great light, and has since 
been a supporter of the doctrine of rela- 
tivity. 

Einstein’s aim from the first has been 
to bring order, not confusion ; to exhibit 
all the laws of nature as special cases of 
one all-embracing law. In his monism 
he is unimpeachably orthodox. 

But there are other monistic philoso- 
phers besides scientific men. You will 
recall Tennyson’s vision of 

One law, one element, 

And one far-off, divine event 
To which the whole creation moves. 
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A DISCUSSION of this subject neces- 
sarily must be founded upon an under- 
standing of two terms — science and 
idea. An idea may be defined as a defi- 
nite mental conception believed to be 
true or possible, and I shall accept that 
definition provided belief is based upon 
systematized foundational knowledge. 
Unsupported belief is nothing more than 
a guess. Guessing has no limitations 
and it can be applied by any one to 
everything. 

Aristotle believed that if two balls, 
equal in size but differing in mass or 
weight, were dropped from the same 
height at the same time, the heavier 
would fall more rapidly than the lighter 
one. This conception was not founded 
upon knowledge. It was not a sound 
idea; it could never be a valuable idea; 
it was not a good idea, and doul)tless it 
was not a new idea. It was a guess, 
nothing more, even though it appeared 
reasonable. Many persons unacquainted 
with science and uninhabited with the 
modem spirit of experimentation would 
even now make the same guess. Aris- 
totle had an idea wholly devoid of 
knowledge. Our definition of an idea is 
not broad enough to include such an 
idea as Aristotle’s, for I shall consider 
valuable ideas as the only kind having 
their source in science. Scientists, 
temporarily out of their role or off their 
scientific base, can have poor ideas, too, 
but science should not be blamed for 
scientists. However, scientists asso- 
ciated with organized knowledge and 
basing their reductions upon established 
facts have to listen to more poor ideas 
without . the foundation of knowledge 
than they can possibly create in all their 
off tnoments. 


If Jules Verne in one of his fascinat- 
ing tales had included a telescope by 
means of which one of his supermen 
could see the past history of the earth, 
in my opinion this would not have been 
an idea. I would not credit him with 
even a part of a valuable idea because 
many could and perhaps have made the 
same guess or have indulged in this same 
fancy without any consideration or 
knowledge of how the telescope could be 
made to yield the results. But if I 
should devise a super-telescope in my 
mind, in which optical magnification 
was pressed to its practical limit, then 
light was converted into electricity, then 
the electricity was enormously amplified, 
then electricity was converted into light, 
this would be a reasonably sound idea^ 
because in the main it is theoretically 
possible. Then if, in my mind’s eye, 
this super-telescope were directed upon 
the minutest mirrors — facets of crystals 
— on far-off celestial bodies, owing to the 
finiteness of the velocity of light I could 
see the past events upon the earth. By 
choosing mirrors at various distances, 
measured in light-years, I could see any 
past event which the weather conditions 
then and now permitted. The whole is 
an idea constituting a device and its 
applications. If this apparently theo- 
retically possible idea could be realized 
in a practical device it would be valu- 
able. 

If it should have occurred to me when 
I was a boy that it would be desirably 
convenient to charge a storage battery 
by heating it in the kitchen stove, this 
would not be a sound idea as far as I 
was concerned. In fact, at best it would 
be a wild guess because at that time I 
knew nothing of the laws of thennody- 
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namics. However, if I had had sense 
enough to take this thought to a scientist 
and he found that it did not transgress 
thermodynamical laws I would have 
been entitled to some measure of credit. 
However, it was not the original 
thought, but the action, which entitled 
me to share in the eventually soundly 
constructed idea. 

About three hundred years ago the 
greatest idea of ail the ages took definite 
form. It was the idea of science — 
knowledge produced by experimenta- 
tion. It was the result of an awakening 
to a new conception of nature — that 
nature was ruled by law rather than by 
a capricious or whimsical god and, there- 
fore, that nature could be understood 
and was worth understanding. 

Galileo was one of the first standard- 
bearers of the new idea. He tested a 
long-standing belief by dropping two 
balls, of the same size but of unequal 
weight, from the same height, and found 
that Aristotle and all who believed with 
him for two thousand years were wrong. 

The great idea which took definite 
form at that time was bom in a belief- 
ridden civilization. A new group — 
scientists — was bom into that world. 
Then began a great stmggle which is 
still going on — between beliefs and 
knowledge. I do not refer to the so- 
called spiritual world, but to the mate- 
rial one. A scientist in his proper role 
can have a two-compartment mind. In 
one he is entitled to beliefs pertaining to 
the spiritual world, if they brighten his 
outlook upon life, even though they are 
not supported by a shred of knowledge. 
In the other compartment there is no 
need for beliefs. It contains facts — 
tested and testable ones — coordinated 
into laws — systematized. There is no 
doorway between these two compart- 
ments and, therefore, there can be no 
actual intermingling. Furthermore, 
there can be no true conftict between the 
two because they have nothing in com- 
mon. 


Of course, in the present discussion 
we are interested only in the material 
world of obtainable scientific knowledge. 
Science has no need for the word belief 
and the scientist either knows or he does 
not. Belief ranges from the slightest 
suspicion to complete assurance. Knowl- 
edge either is or it isn’t. Of course, 
there are many gaps in knowledge and 
the scientist often must make his best 
guess in spanning them. Perhaps he 
may be said to believe this or that. But 
after all it is not belief ; it is merely his 
best guess. 

Knowledge alone is not science. It is 
a mass or mess of facts. The knowledge 
which comes by individual experience is 
so often faulty and fragmentary that 
only the knowledge tested by the experi- 
ence of many, and then only by methods 
which minimize the effects of emotions 
and prejudices, is dependable. Science 
is the organization of these tested facts 
into relationships — into law and order. 
When the facts are insufScient, some 
guessing must be done as to the final 
relationships. Hypotheses are created. 
As the gaps decrease by the addition of 
new knowledge, theories evolve. Finally, 
when no gaps remain, the relationship is 
a law. Laws are then grouped into gen- 
eralizations. What seemed to be a com- 
plex disorder has evolved into simplicity, 
revealing much of the workings of 
nature. Since the man of science is 
saturated with tested facts and with 
laws and principles, the probability of 
his guess being correct is greater than 
that of the guesses of others. 

Individual facts can be put together 
into various patterns. These more or 
less complete patterns are ideas. It is in 
this way that the scientist or others may 
create valuable ideas. Inasmuch as it is 
inconceivable that any new idea can be 
so simple as to arise from a single fact, 
it may be concluded that all eventually 
valuable ideas are constructed from sys- 
tematized knowledge. Therefore, science 
is the source of the material of all vatu- 
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able new ideas. Sometimes the scientist 
creates the idea but often he does not, 
and he has several good alibis when he 
does not originate the idea. Even with 
the necessary facts before him often he 
fails to see the combination which leads 
to a new application of knowledge. He 
has no alibi for this excepting that he is 
merely human. 

If we take all historical time begin- 
ning seven thousand years ago as being 
equal to the lifetime of a human being, 
the three hundred years since Galileo 
correspond to a three-year-old child. On 
this scale organized scientific research is 
an infant only three months old. The 
birth of the three-year-old changed the 
entire philosophical outlook of free- 
thinking men. It began an intellectual 
revolution and it established the neces- 
sary foundation for the material revolu- 
tion which was to come later. More than 
two centuries elapsed before this pure- 
science outlook gave birth to organized 
research with an applied-science view- 
point. For the first time in all history 
lines of communication began to be par- 
tially established between industry and 
systematized fundamental knowledge. 
Even with these few and uncertain con- 
nections this three-months ’-old infant 
has already revolutionized industry and 
man’s manner of living. And this, not- 
withstanding a general lack of recogni- 
tion or understanding of the functions 
of science and of scientists on the part 
of the commercial, industrial and engi- 
neering elements which necessarily are 
links in the lines of communication be- 
tween science and public needs and 
demands. 

Industry is as old as civilization. It 
is of the belief-ridden age and it has in- 
herited much which still blinds it to the 
fundamentality and certainty of science. 
It evolved from a realm of uncertainty 
— of opinions, beliefs and partial truths 
— and it still usee these in creating, 
examining and in weighing ideas. It 


still does not completely comprehend 
that a foundation of tested systematized 
knowledge is available, "^en such 
knowledge is not incomplete or wholly 
unavailable, at least there is available in 
the scientist a more or less perfected art 
of research attack. Commercial and 
technical men, having grown out of the 
age in which the cart was before the 
horse, naturally tread blandly and 
blindly into the scientists’ field instead 
of recognizing that they are only links 
between science and the public. Scien- 
tists, having sprung up recently, with no 
traditions and with no preordained 
place in business and industry, naturally 
tread uncertainly and often unwelcomed 
where others have long been established. 
As a consequence, the lines of communi- 
cation necessary for the creation of valu- 
able ideas are not as good as they should 
be. 

When organized scientific research 
with an applied-science view-point got 
well under way, much was heard of pure 
science and applied science. For two 
hundred years following Galileo, scien- 
tific studies were pursued predomi- 
nantly for the joy of discovery or, in 
that age of aristocracy, for the intel- 
lectual superiority which was the badge 
of such work. There developed an 
aristocracy of knowledge. Some scien- 
tific men even expressed the hope that 
their works would never be degraded by 
being useful. Twenty years ago there 
were still many of these aristocrats of 
knowledge accepting a living from a 
civilization which they, secretly at least, 
disdained to aid. Science and scientists 
have paid dearly for this attitude. But 
research from an applied view-point, 
vibrant with purpose and energetically 
alert, has made a name for itself, 
brought prosperity to those who paid 
the bill and much comfort and happiness 
to mankind. Applied or industrial 
scientists also made many fundamental 
discoveries and other additions to funda- 
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mental knowledge. To-day the pure 
scientist is rare who looks down upon 
the applied scientist. The aristocrats of 
knowledge are threadbare and anti- 
quated. Applied research has become 
intellectually the peer of pure research. 
It is also much more difficult because it 
must surmount the obstacles in the path 
toward the objective. And the most 
serious obstacles are often the prejudices 
and other weaknesses of human beings 
in the path. Pure research is not as 
purposeful nor as definitely committed 
to an objective. It is more likely to de- 
tour or digress when the going becomes 
too difficult or seemingly impossible. As 
a consequence the relatively greater 
hardships have made industrial scien- 
tists as a rule more virile than the pure 
scientists. They are also more alert to 
the opportunities of science because at 
least they are on the edge of the mael- 
strom of the world’s affairs, whereas 
pure scientists are relatively isolated. 

Science necessarily supplies the mate- 
rial of which all valuable ideas are con- 
structed. However, to pursue this 
subject further we must dissect an idea 
until we find what we may call the germ. 
One may dream or even investigate with- 
out purpose. These germs float in and 
out of the mind. If purposeful think- 
ing takes hold of such a germ and the 
mind is stocked with systematized tested 
knowledge, a valuable idea may result 
and a poor idea will be recognized. For 
one mind to catch the germ and build 
it into a valuable idea has become in- 
creajringly difficult. In the early years 
of applied science there was great op- 
portunity for the individualist. That 
was the heyday of the Bdisons. Only 
as a new branch of science is opened 
are such opportunities available. They 
will come from time to time, but with 
less and less opportunity for the indi- 
vidualist. This century has witnessed 
the evolution from simplicity to com- 
plexity in aU phases of science and 
industry. 


Likewise civilization has grown com- 
plex. There was a time when every 
individual was relatively independent. 
He supplied all his needs. But times 
have changed. In addition to obtaining, 
possessing and using systematized tested 
knowledge, the scientist can not be ex- 
pected to be the major creator of valu- 
able ideas, the inventor, the manufac- 
turer and the seller of the article any 
more than any individual can be ex- 
pected to supply all his own needs in the 
present age. Still, under certain condi- 
tions of organization and human ob- 
stacles he must do all this. The indus- 
trial scientist at times should play all 
these parts or parts of each, but it 
is becoming increasingly difficult. 

Science has grown very complex and 
extensive in its three hundred years of 
life, largely because of the universal 
availability of knowledge through print- 
ing and other kinds of communication. 
The scientist must keep his mind’s eye 
upon this kaleidoscope of scientific works 
and publications. Besides his own 
studies he must file away for present 
and future use as much of this knowl- 
edge as possible. While doing this the 
world moves onward, public needs alter 
and the applications of products ramify. 
To obtain the greatest number of valu- 
able ideas for his company be should 
have at least four lives to live in paral- 
lel. One would be spent out in the pub- 
lic’s world learning what the public 
thinks, needs, desires and is getting 
from other sources. One life would be 
spent among the salesmen and engineers. 
One life would be lived inside the indus- 
try. One life would be given to his own 
studies. The germs of valuable ideas are 
to be found in all these places. He can 
do his best to spend some of his time in 
all these roles and should create as many 
ideas as others equally concentrated 
upon their mpective fields. But the 
most productive organization would be 
the connecting of these individuals or 
branches in such a manner that com- 
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bined they form a complete line of com- 
munication. But until the other links 
obtain a full conception of what science 
is and where it is to be found, germs of 
ideas which they catch may die before 
they can be built up with systematized 
knowledge. 

Even in a progressive industrial 
organization it is not difficult, for one 
possessing the scientific view-point, to 
see the opportunities of science being 
wasted daily. Either the germ of an 
idea is not brought to science or science 
is not where the germ is. Of course, 
science is constantly producing, but I am 
trying to show how it could do more. 
For years I have seen technical re- 
searches and other activities being pur- 
sued by men who did not have a grasp 
of the fundamental laws and data under- 
lying the work. Furthermore, there is 
an art of research which is best devel- 
oped in those who have a clear concep- 
tion of science and are guided by its 
spirit. Possibly science could be made 
to yield more valuable ideas if these 
technical men would develop the library 
habit. To one in the scientific field in 
which the reading or skimming of scien- 
tific journals has necessarily become a 
habit, the prevalent lack of acquaintance 
with the scientific work of the world on 
the part of most technical men engaged 
in researches and allied activities is 
shocking. 

However, for on industry to get the 
most out of science, scientists should be 
intimately associated with technical de- 
partments and activities. Consolidation 
of these various view-points and talents 
establishes the best lines of communica- 
tion and provides the greatest exposure 
to germs. Then, regardless of who 
catches the germ, it may be built into a 
valuable idea by the combined knowl- 
edge of the various individuals, and the 
waste due to poor ideas should be de- 
creased. It is difficult to conceive of 
consolidation going so far as to include 


science with commercial activities, but 
the scientist, if he had the daily experi- 
ences of the commercial men, would 
catch many germs and some of them 
would become valuable ideas. 

One of the difficulties is the temporal 
displacement of view-points. Primarily 
the salesman is interested in to-day ; the 
commercial engineer in next month ; the 
technical investigator in next year, and 
the industrial scientist in the more dis- 
tant future. But they have in common 
the success of the business. To insure 
continued success, progress in products 
must be made. Each of the elements can 
play some part, however small, in catch- 
ing germs and in passing them back 
along the line. Perhaps it may seem 
that 1 have gone somewhat afield in this 
discussion. I have purposely covered 
most of the territory where germs of 
ideas may be found in order to empha- 
size the importance of action and to show 
who can be active in aiding science to 
aid in industry. 

Knowledge is valuable, but action is 
necessary. In the early years of applied 
science in industry, scientific knowledge 
was relatively meager but also most of 
its simplest applications had not been 
made. The industrial scientist had not 
arrived, but technical workers were 
already at work. By action they made 
up for the scarcity of scientific knowl- 
edge, in some degree at least. In that 
simpler period of simpler ideas and 
developments, action was generally more 
fruitful than thought. It was fruitless 
to think without scientific data, for this 
is the thought-stuff. That was the 
period of learning how ; the era of know- 
ing why was yet to come. Those were 
the years when, as Edison said, one was 
wise to try a fool experiment. 

Since that time scientific knowledge 
has increased enormously in quantity 
and in complexity. In the development 
of ideas, thought has relatively increased 
in importance. Its fruitfulness increases 
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correspondingly with scientific knowl- 
edge which provides the stuff for think- 
ing. Action, including keen observation 
with an alert mind, will always be 
necessary, and all the individuals in the 
line of communication between science 
and its applications must supply a part 
of the action if the utmost is to be ob- 
tained from science. 

It is unnecessary to review the ser- 
vices which science has already rendered 
to modem industry. It has played an 
important part in the development of 
valuable ideas — sometimes including the 
germ stage, ofttimes afterward. With 
organizations designed to expose science 
to germs and germs to science, it should 
do increasingly more. It has many ad- 
vantages. It is able to separate the ideas 
which are mere guesses from those which 
are sound. It always produces the valu- 
able species of ideas. Some may not be 
economically valuable to a company but 
it is not necessarily the function of 
science to determine or to predict this. 
Any sound idea, however valueless from 
an economic view-point at the present 
time, will be valuable sometime, for it is 
inconceivable that in this complex world, 
which is growing more complex, any 
group of facts arranged into a sound 
idea could not be useful sometime some- 
how. Science eliminates haphazardness 
not only in the choice but also in the de- 
velopment of an idea. Science works 
directly with open eyes. A great 
amount of industrial research and devel- 
opment work is being prosecuted more 
or less blindly at the present time. The 
worker is blind in proportion to his lack 
of fundamental knowledge underlying 
his work and between him and his objec- 
tive. The scientist is a sharpshooter 
with a modem rifle. The worker with- 
out scientific knowledge is using an anti- 
quated blunderbus. 

To accomplish the task which I have 
assumed, I shall utilize a recent idea 
created by Einstein. He found a way of 


confining a boundless universe in a lim- 
ited space. He did this by inventing 
curved space, which gave a curvature to 
the universe. If an earth-being got 
astride a ray of light emitted and trav- 
eled in a straight line, as light is sup- 
posed to travel, eventually he would find 
himself at the place from which he be- 
gan his journey. Any discussion involv- 
ing science is boundless because science 
is. Still it must be limited. In order to 
be certain to confine a boundless subject 
in a limited space, I decided in the be- 
ginning to stop where I began. Before 
Einstein *s invention, this could have 
been accomplished only by arguing in a 
circle, but I have Einstein to prove that 
I can do this by traveling in a straight 
line. 

As I return toward the starting-point 
I find knowledge and science incom- 
pletely defined. I shall now complete 
the definition and correspondingly de- 
velop the picture of science. Since 
scientists came upon the stage of civiliza- 
tion, a new kind of knowledge has ap- 
peared. Before their time fundamental 
knowledge, at best, was qualitative. 
Little is really known concerning any- 
thing until it is measured quantitatively. 
We see a moving object. That alone is 
the type of knowledge of the prescience 
era. Measurements of direction, speed, 
size, shape, mass and constitution are the 
foundation and the framework of scien- 
tific knowledge. This kind of accurate 
detailed knowledge leads to a larger 
sphere of understanding by answering 
such questions as, When and why did 
the body start! "^at keeps it moving! 
Where is its destination! From these 
answers arise other questions and the 
sphere of relationships grows and grows. 

The scientist develops measuring in- 
struments more and more sensitive, and 
mathematics more and more adequate. 
These are the tools which have given us 
detailed knowledge. Without highly 
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accurate meaeuring methods Einstein 
would never have known the errors of 
Newtonianism. Without the most recent 
developments in mathematics he would 
not have been able to express himself. 
Without these we would still be in the 
pre-Einstein era of knowledge. 

And so it goes on and on — the scien- 
tist is continually sharpening his tools, 
inventing new ones and extending their 
use. His production is detailed intimate 
expressive knowledge, and we profit 
greatly by some peculiarities of this 
product. Knowledge is invaluable ; 
still, it can be given away without part- 
ing with it. Perhaps this is the major 
reason for its wide distribution. Knowl- 
edge is useless until it is used and it still 
exists after it is used. Certainly this is 
a good reason for using it. With these 
characteristics and the inestimable re- 
sults of scientific knowledge in a rela- 
tively few years, should we wonder that 
civilization which got along without it 
for many centuries has adopted it for its 
foundation and is growing more and 
more dependent upon it 1 

In the earlier years of Edison, scien- 
tific knowledge was so meager that many 
simple ideas and developments awaited 
the technical worker. Edison himself 
discovered the phenomenon of electronic 
discharge between the terminals of a 
filament lamp. But he only learned that 
an electric current passed through the 
space between. The electron had not 
been discovered because measuring meth- 
ods had not been developed to detect it. 
The entire radio art has been con- 
structed since 1910 upon the accurate 


quantitative measurements of the pre- 
ceding twenty years. Qualitative knowl- 
edge is only a step nearer certainty than 
opinions and beliefs. Accurate quanti- 
tative data are the essence of truth and 
certainty. 

This is the kind of knowledge we can 
depend upon, and prejudices, emotions, 
opinions should not be permitted to 
hamper it. This is the kind of knowl- 
edge which is teaching us that more 
than man can imagine nature can 
achieve. This is the kind of knowledge 
that men, mere motes on an almost in- 
finitesimal earth, are obtaining from 
atoms inconceivably small and from 
stellar laboratories inconceivably dis- 
tant. Measuring instruments are lim- 
ited, but the human mind is boundless, 
just as the universe is limited although 
it is boundless. Man’s equipment is well 
adapted to explore all nature and to 
learn its secrets. 

And the benefit of scientific knowledge 
should not and will not end with its 
utilization in material things. Only 
genius can extend the borders of scien- 
tific knowledge, but the humblest man 
can be taught its spirit. He can learn 
to distinguish between opinion and 
knowledge. He can learn to desire, to 
know and to face truth. Doubtless, 
human beings will always have their 
frailties, but as the scientific spirit infil- 
trates more and more throughout busi- 
ness and industry, and thence through- 
out civilization, it should develop 
honesty and tolerance and make better 
human beings. What can compete with 
the shrine of truth t 



THE FOSTER CHILD 

By PAUL POPENOE 

PASADENA, CALirOBNIA 

Most of the children available for ings. An investigation in Boston showed 
adoption fall into three groups: (1) ille- that “at least 19 per cent, had a heri- 
gitimate children; (2) those abandoned tage in which there was known or prob- 
by their parents; and (3) those who able insanity, feeblemindedness, or other 
have been taken away from their parents subnormal or abnormal mental condi- 
because the latter were found unfit by tion," while mental examinations of a 
the courts to retain the custody of their series of unselected unmarried mothers 
own offspring. from the obstetrical service of the Cin- 

It is scarcely necessary to point out cinnati General Hospital disclosed that 
that in none of these cases is the ancestry “not more than 20 per cent, can safely 
likely to be up to par. The best are be pronounced normal. From 40 per 
sorted out early by the child-placing cent, to 60 per cent, of the unmarried 
agencies, in response to the demand for mothers are almost without question of 
children to adopt, which ever3rwhere in so low grade mentally as to make life 
the United States exceeds the supply, under institutional care the only happy 
girls being most desired. The remainder, one for themselves, and the most eco- 
collected in orphanages, represent pre- nomical and only safe arrangement for 
dominantly the inferior levels and usu- society.’* 

ally show up badly in tests. Congenital Tet in another investigation the ille- 
syphilis is abundant; superior intellect gitimate children were found to be 
rare. Numerous examinations of the brighter and of better parentage than 
populations of such asylums have re- the legfitimate children that were placed 
vealed that from one eighth to one half out. Among the latter, 89 per cent, of 
of the inmates may be classed as “nor- the fathers and 83 per cent, of the 
mal.” Most of the rest are either men- mothers were described as “either men- 
tally deficient or at least backward; tally or morally defective,’’ as against 
there are usually a few above the aver- 31 per cent, and 53 per cent, for ill^ 
age, the proportion of these running in gitimates. Of course such figures are 
some itiatiiTi niw as high as one eighth. not exact, but they confirm the every- 
A group of 613 dependent children in day knowledge that children from go^ 
Delaware, studied by the Children’s homes are not customarily out looking 
Bureau, probably represents conditions for foster parents, 
in many other states. More than three Reputable child-placing agencies, how- 
fourths of these came from families in ever, make every endeavor to place chil- 
which there were unfavorable conditions, dren under conditions that will be favor- 
alcoholism and “immorality’’ being the able. So far as possible, those with 
commonest flnding a . Only 3 per cent, congenital syphilis are not sent out, 
of the children were full orphans; most unless to some one who understands the 
of them had both parents living but “no situation fully. If the child is old 
account” Three fourths of the chil- enough to be tested, its mentality is de- 
dren over seven had themselves records termined and the prospective foster 
of delinquency. parent advised. Ancestry, tradition, 

Special studies made upon illegiti- religion are taken into account. Among 
mate children harmonise with these find- younger children the agency haS little 
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chance to predict intelligence, and its 
clients seem to attach little weight to 
this. Most people stipulate that the 
child they are to take shall be healthy; 
apart from this they are more concerned 
about inconsequential and sentimental 
items than about the fundamentals, their 
attitude in this respect recalling that of 
many younger persons in selecting a 
husband or wife. Often a demand is 
made for a child on the spur of the 
moment. There is an authentic story of 
a woman who suddenly decided to adopt 
a baby shown her, because she thought it 
would look so sweet” in a coat she 
could make from some pieces of left-over 
white fur. The sweet little thing thus 
adopted now has an IQ of 72. 

A distinguished physician who is one 
of the most active men in the United 
States in promoting adoptions describes 
the situation gleefully. ” People come up 
looking for girls,” he says. ”Of course 
they must all be golden-haired, blue- 
eyed, with dimples, impeccable ancestry 
and sweet dispositions. But all we do 
is to take the prospective parents up to 
the nursery, and some child holds out its 
arms to them, and it may be a black- 
haired boy picked up in an open lot 
somewhere, but they say, ‘That’s the 
baby I want.’ 

A child who is platsed in a foster home 
after the age of four or five knows, of 
course, that it is not his real home. 
Those pHced earlier may not know un- 
less told. In a New York investigation, 
half of the children placed under five 
were kept in ignorance of the foster re- 
lationship, while in a California investi- 
gation which dealt only with those 
adopted as infants, two thirds were 
ignorant. In this case, it was found that 
the most intelligent parents were the 
ones most likely to tell the child the 
truth. 

Although hundreds of children are 
being placed out each year by scores of 
agencies, some of these show little oon- 
oem over the future of their charges. 


They prefer to content themselves with 
pious hopes and fervent afiSrmations, and 
cite a few striking instances to justify 
the claim which most of them make, ex- 
plicitly or implicitly, that any child will 
turn out well if given a proper home. 

Such an exceptional child was prob- 
ably the offspring of the black sheep of 
some able family. While his own par- 
ents may have been of little value, or 
even a detriment, to the community, 
they were yet able to transmit to their 
offspring good qualities which did not 
appear in their own lives. Thus one 
would expect, in a large group of de- 
pendent or illegitimate children, to find 
a few who carried some really good 
traits. There are a few other cases 
where a child of superior parents is set 
adrift for some unusual reason. Moses 
is the classical example, but Sargon I, 
king of Babylonia (2637-2582 B. C.), 
has almost identical childhood history 
and is an equally striking case in point. ^ 

These isolated cases are easily matched 
by equally isolated and striking cases to 
the opposite effect, such as two boys (re- 
ported by L. M. Terman) adopted at the 
ages of five and seven from a very poor 
home. Their IQ’s were 72 and 73. 
Four years later, after exceptional ad- 
vantages, their IQ’s were 70 and 77. 

So far as I am aware, only one agency 
which places children has made any de- 
termined effort to find out how its chil- 
dren turn out. This is the State 
Charities Aid Association of New York, 

1 The number of legendary worthies whose 
supposed parents were not their real parents 
has aroused the ready suspicion of the psycho- 
analysts, and they have described *^The Birth 
of the Hero’' as one of the universal myths, 
based on an equally universal tendency of chil- 
dren to fancy, in their day-dreams, that they 
are not the offspring of their putative parents, 
but are really of nobler lineage. Questionnaires 
reveal that a large proportion of the population 
does, in fact, recall having such childhood 
fantasies. The number of histories oemparable 
to those of Bargon and Moses can be multiplied 
readily by any one with a knowledge of aadent 
literature. 
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which published in 1924 a report on the 
history of 910 of its children. Briefly, 
it found that six out of every eight have 
‘‘made good" in the sense that they have 
at least been able to manage their own 
affairs with ordinary prudence and live 
in accordance with the standards of their 
own communities. The seventh has 
turned out to be incapable but "harm- 
less"; the eighth, definitely bad. 

Although three fourths of the chil- 
dren are thus alleged to have become 
reasonably good citizens, this fact is 
not quite so encouraging as it appears at 
first sight to the family which contem- 
plates taking in or adopting a child 
(only 269 of the children in this group 
were legally adopted), for the fact is 
that some of them had to go through 
two, three or more homes before they 
found one in which they could live 
satisfactorily. There were 1,621 homes 
used for the 910 children. In only 60 
per cent, of the homes did the child turn 
out satisfactorily. It thus appears that 
the family contemplating taking in a 
foundling has a little better than an 
even chance not to regret the act. 

Moreover, it must be remembered that 
this particular agency, which is one of 
the largest in operation, probably sifts 
its children with unusual care, to elimi- 
nate defectives. A smaller agency run 
with less efficiency and more sentimen- 
tality would be likely to place many 
children who were even less favorably 
endowed. 

Furthermore, the children included 
in this study were in some cases still 
young — ^nearly half were minors. It is 
obvious that their "success" at the age 
of eighteen is not final, since they are 
mostly still under the control of their 
elders. The child who appears at 
eighteen or twenty to be behaving well 
may at twenty-eight or thirty tell a dif- 
ferent story. At the lower age he is 
either still dependent or is just releas- 
ing himself from his dependent status. 
What will happen ten or twenty years 


later, when he is married, has more 
children than he can support, loses his 
youthful ideals, ambition and self-con- 
fidence, and begins to think that "the 
world has it in for him" and that it is 
no use to try to be a good citizen, since 
the ones who get ahead in life are merely 
the crooks who are clever enough to 
avoid detection? 

It appears, then, that this study can 
not be taken at its face value ; that the 
facts are probably not so favorable as 
appear from it. 

Looking at the details more closely, 
one learns that the child placed in a bad 
foster home is just about as likely to 
turn out well as is the one placed in a 
good foster homo. Even the worst 
parental home, it seems, is better than 
the best orphan asylum, if the child’s 
future success in the world is the stand- 
ard of measurement. These are striking 
and almost unprecedented findings, 
which need a good deal of substantiation 
before they will bo accepted without 
question. The studies quoted later in 
this paper show that foster children put 
in good homes frequently made definite, 
sometimes relatively large, gains in IQ. 
The home brought out the best that they 
had in them. On the other hand, two 
groups of girls taken from bad sur- 
roundings and put in unusually good 
institutions failed to show any such ad- 
vance. In another case, involving only 
six girls who were put in a very superior 
institution on the cottage plan, the aver- 
age gain was but five points, and one 
showed a marked loss. Among one 
hundred children in two German or- 
phanages, there was no relation between 
the level of intelligence and the length 
of time that the children had spent in 
the institution. Brothers and sisters 
are not made any more alike intellectu- 
ally by being kept in an orphanage for 
years. 

In all these instances, the institution 
was doubtless much more impartial, 
much more efficient, much more hy- 
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gienic, much more “scientific” than the 
home. But it failed in comparison with 
the home because the latter apparently 
provided something necessary for child 
development which the former could not 
furnish. A consideration of this fact is 
recommended, in passing, to those who 
think that the old-fashioned family is an 
obsolete institution, and who look for- 
ward to a time when the state will as- 
sume the care of all children as soon as 
they are weaned, thereby setting parents 
free for “careers.” 

What, then, in the light of the New 
York report, makes the difference be- 
tween the child’s success and failure in 
a foster homef Two factors are named : 
(1) early placement, and (2) a sympa- 
thetic relationship with the foster pa- 
rents. To some extent (2) is merely a 
phase of (1). This report, then, puts 
almost the entire weight of the child’s 
success on being adopted young. 

Important as this fact is, few will be- 
lieve that it is strong enough to support 
the entire weight of the superstructure. 
When one looks more carefully at the 
figures, one finds that of full brothers 
and sisters, put into equally suitable 
homes so far as one can judge, 40 per 
cent, turned out quite differently from 
each other. Here is the factor of hered- 
ity, of which the report had previously 
lost sight. The parental traits segregate 
out in the children ; soine get more than 
their share of the good ones (and it is 
scarcely necessary to remark that even 
the worst family has a few good traits) ; 
some get more than their share of the 
bad. 

The conclusions of the study just men- 
tioned are home out, in part, by two 
particularly careful studies, one in Illi- 
nois (Fraik N. Freeman, et al.) and the 
other in California (Barbara S. Burks). 
These were concern^ primarily to find 
how far the child’s general intelligence 
could be brought up by good sur- 
roundings. 


The Illinois study is the most nearly 
comparable with that of the New Toik 
agency, for it dealt with children placed 
out at all ages. The conclusion it 
reached was that early placement and a 
good foster home were the most signifi- 
cant features in permitting a child to do 
his best. Although the background of 
the children was bad, it was found that 
in good homes there were few serious 
cases of misbehavior. 

The California study is particularly 
interesting in dealing only with children 
placed as babies — all of them under one 
year of age and most of them at about 
three months. It therefore had an ideal 
opportunity to measure the total effect 
of environment acting after birth. It 
appears from this study that all of the 
factors of home environment taken to- 
gether account for something like 17 per 
cent, of the differences in intelligence 
among children. The total contribution 
of heredity seemed to be about 75 per 
cent, or ^ per cent. The small re- 
mainder must be assigned to the sort of 
chance and accidental influences that 
are always present in development. 

Of the influence assigned to heredity 
(75 per criit. to 80 per cent.), a third 
was allotted to the parents. The rest 
belongs to the more remote ancestry. 
Usually, the influence of the parents is 
thought of, and properly so, as including 
also that of all their progenitors ; but if 
one is making a separate study of the 
various influences that account for the 
differences in IQ among children, it is 
legitimate to attempt to apportion the 
responsibility in more detail, as in this 
instance. 

This study also gave an almost unique 
opportunity to determine how much an 
IQ could be changed by the greatest 
possible improvement or impairment of 
the environment, acting from birth on- 
ward. The oonclnsion was reached that 
in such extreme conditions, it might be 
altered as much as twenty points, but 
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that such extreme conditions would not 
be reached in more than a home or two 
in a thousand. Bough as the present 
methods of measuring mental traits are, 
then, they do succeed to a useful degree 
in getting at the real innate intelligence 
of a child ; and 70 per cent, of the aver- 
age run of school children have an 
actual IQ within six to nine points of 
that represented by their innate intelli- 
gence — ^that is, any changes in the ordi- 
nary conditions of life would not change 
the IQ more than six to nine points. 

The California study, like others, sup- 
ports the view that traits of personality 
and conduct are much more subject to 
influence from outside than are traits of 
intellect or physique. They represent 
social much more than biological aspects 
of life. 

The three studies cited above give, for 
the first time, a scientific knowledge of 
some of the results of child adoption. 
They agree with common sense in show- 
ing that a child will do better with 
every assistance and sympathy than he 
will do with everything against him; 
they agree with the conclusion now 
widely accepted that the conduct of a 
child is something for which the parents 
themselves must take the responsibility — 
they can not blame their great-grand- 
parents for it. But they all have the 
serious defect that they do not go much 
beyond the adolescence of the adopted 
child. What will happen when this 
child grows upf 

Apart from the interests of society, 
which are a matter of eugenics, there 
are two interests to consider: that of 
the foster parents and that of the foster 
child. 

(1) The foster parent desires a child 
to comfort his declining years ; to bring 
the happiness into his life which only a 
child can bring. What chance has he 
to realize this hope by adopting onet 
As parents go, the chances appear from 
the New York study to be about even 
that the child will make him happy, or 


unhappy. Wise parents will do better 
than this; but not all parents are wise, 
especially when parenthood does not 
come to them until late in life, and then 
comes only in an artificial way. 

The important points seem to be: 

(a) To pick out a child with as good 
ancestry as possible. Bad as the an- 
cestry of illegitimate children is, it has 
been pointed out above that it is likely 
to be better than that of legitimate chil- 
dren of the sort that are thrown on the 
market for adoption. The chief diffi- 
culty is that the ancestry is not so 
easily learned. But the mother is al- 
ways known, save in the case of found- 
lings; and while she may conceal the 
paternity, either because she really does 
not know, or because she wants to pro- 
tect the man, his identity can usually 
be ascertained with a little effort. A 
knowledge of the ancestry will tell what 
strong points the child is likely to have 
which can be developed, what weak 
points call for continual caution. 

(b) The child should be taken young. 
Here again the illegitimate child has the 
advantage, for he can usually be gotten 
much younger than the legitimate child 
— many maternity hospitals make it a 
point not even to let the illegitimate 
mother see her child, if it is to be taken 
from her and brought up by others. An 
incidental advantage is that the real 
parents of an illegitimate child are less 
likely to make trouble, either for the 
child itself or for the foster parents, in 
future years, than are the parents of a 
legitimate child. One of the chief dis- 
advantages of taking a child very young 
is that the presence of congenital syph- 
ilis is not quite so easily ruled out. 
Wassermann tests on the baby are not 
always dependable, nor are those on a 
pregnant woman, at least as ordinarily 
made. Here again a knowledge of the 
ancestry is a safeguard. 

(c) The child should be taken only on 
triid. Many agencies have a fixed period 
of one year of probation before a child 
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can be adopted, and in some states a 
legal adoption may be voided at any 
time within five years, if desirable. This 
is a valuable provision for the protection 
of the child as well as the parents. 

(2) The interests of the child are to 
get the best home possible, and to have 
the best possible chance in the world. It 
therefore makes less difference to him if 
he has to go through four or five homes 
to find the right one, even though he may 
have left broken hearts in the others. 

On the other hand, it is possible for a 
child to have too good a home — ^not 
merely in the very common sense, in 
which he has life made too easy for him, 
as people often make it too easy for their 
own children; but in the sense that he 
has a better home than he can live up to. 
Almost any principal of a private school 
which receives the children of the leisure 
class can tell of the differences in ability 
between the foster children in the school 
and those “to the manor born.” The 
latter are distinctly beyond the averages 
of their ages in brightness. The foster 
child represents a different ancestry ; no 
matter how early he has been adopted 
and how carefully he has been schooled, 
he may not be able to make up the dif- 
ference; he can not compete on even 
terms with those who started with a 
better endowment."^ 

The result is that the foster children 
in such a group, though surrounded by 
every encouragement to succeed, contrast 
badly with their associates. They them- 
selves feel this contrast more vividly 
than any one else, and a common result 
is the production of an inferiority com- 
plex, a feeling of bafSed helplessness and 
resentment, which is likely to lead to a 
failure of mental adjustment. 

Finally, it is not to the interests of 
the child to make a good marriage and 
produce defective children. He should 
at least.be warned in this respect, even 
though the knowledge of the facts of bis 


ancestry may cause pain. It is generally 
recognized by thoughtful students, I be- 
lieve, that the child should not be al- 
lowed to grow up with the supposition 
that he is actually the offspring of his 
foster parents; that the fact of legal 
adoption, which Henry Maine called 
“the most violent of fictions, “ should 
not be converted into a real lie. The 
foster child faces in this respect a 
dilemma, both horns of which are cer- 
tain to wound deeply. But it can not 
be escaped. 

Any one who thinks eugenically will 
not want to see the lines of descent falsi- 
fied by a concealed adoption, and such 
concealment will probably only store up 
trouble for the child in years to come. 

By a favorable combination of circum- 
stances, some of these children with de- 
fective heredity have themselves largely 
escaped the consequences. They are 
carrying genes of worse traits than 
those which are openly expressed in 
their minds and bodies. These will ap- 
pear in their own descendants, to the 
great chagrin of all concerned. These 
children can not marry wisely in the 
future without knowing their own an- 
cestry. They can not even avoid the 
possibility of incestuous matings; and 
although incest has no biological signifi- 
cance other than that of consanguineous 
marriage in general, the strong social 
tabu against it is based on cogent 
grounds. A young man who fell in 
love with Ninon de I’Enclos committed 
suicide when he learned that she was 
really his grandmother. To give him 
the benefit of the doubt, however, per- 
haps he killed himself not from chagrin 
at making love to an ancestor, but at 
having such an ancestor. Anyhow, for 
the child’s own benefit as well as that 
of society, every effort should be made 
to get at the truth of the heredity, and 
this should not afterward be concealed 
or misrepresented. 
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In size a population varies directly 
with amelioration of the conditions of 
existence and inversely with the prevail- 
ing level of the standard of living. 
Here is a hypothesis of population 
growth expressed in two coordinate 
clauses. It suggests that a variable, 
'‘size of population,*^ is controlled by 
two other variables, "wealth** and the 
"standard of living.** Our prime vari- 
able, size of population, tends to move 
in the same direction as our second 
variable, wealth, and in a direction 
opposite to movements of the third vari- 
able, the prevailing standard of living. 

The population problem has always 
been considered the peculiar province of 
the economist, probably because the lone 
classic on population was the work of a 
man who later became a professor of 
economics.' But the two most substan- 
tial modem works upon the subject were 
drawn from the experience of biologists, 
E. M. East and Ba 3 rmond Pearl.* 

The first clause of our hypothesis, 
"the size of a population varies directly 
with amelioration of the conditions of 
existence,*' has received for nearly a 
century the close scrutiny of biologists, 
and it has been generally considered 
exclusively their property. But the 
idea was borrowed, in the first place, by 
Charles Darwin from the work of 
Thomas Robert Malthus, who was a pro- 
fessor of economics at Haileybury Col- 
lege, England, from 1805 to 1834. "In 
October, 1838," says Darwin, "that is, 
fifteen months after I had begun my 

IT. B. Malthus, Essay on the Principle 
of Population,'' 0th ed. lS2a. 

sE. M. East, "Mankind at the Crossroade/’ 
1923. 

Raymond Pearl, "The Biology of Population 
Growth." 1926. 


systematic inquiry, I happened to read 
for amusement 'Malthus on Population,* 
and being well prepared to appreciate 
the struggle for existence which every- 
where goes on from long-continued ob- 
servations of the habits of animals and 
plants, it at once struck me that under 
these circumstances favorable variations 
would tend to be preserved, and un- 
favorable ones to be destroyed. The 
result of this would be the formation of 
a new species. Here, then, I had at last 
got a theory by which to work. * *® 
Although Darwin called his magnum 
opus the "Origin of Species,** the 
thesis therein contained is not so much 
a theory of the origin of species as a 
theory of biologic progress. Modem 
biologists are not quite sure that the 
essential differences between a whale 
and a shark or even between a whale 
and a sea-lion ever could have been 
brought about by "variation** and 
"natural selection.** The theory of 
accidents or sports has been inserted in 
a supplementary or even supersessive 
sense. Over-propagation with conse- 
quent premature destmetion (in the 
main, selective) is retained, however, as 
a theory of the progress of individual 
species and as a theory of the general 
forward march of life. (The term, 
"forward march of life," has of course 
no moral significance; we mean simply 
adaptation to lodgment which seems to 
express itself mainly in progressive 
complexity of structure and concurrent 

a "Life and Letters of Charles Darwin,'^ 
edited by his eon, Francis Darwin, 1383. Vol- 
ume I, p. 63. In the opinion of E. M. East,. 
Malthus in turn borrowed his idea from Frank- 
lin, who expressed the whole Malthusian princi- 
ple in "three paragraphs." ("Mankind at 
the Crossroads," p, 46.) 
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fanctional specialization of cells. But a 
law of diminishing returns seems to 
come into play here, for mere multipli- 
cation of cell varieties on a functional 
basis can not solve all life problems and 
in extremis must defeat itself — multiple 
stomachs, and most vestigial forms, bear 
witness to this fact, although the most 
complex life form — usually called the 
highest life form — man, appears to 
carry off the palm for prevalence and 
persistence.) 

In order to get movement into his 
hypothesis, Darwin was forced to accept 
Mdthu8*s central doctrine, over-propa- 
gation.^ Darwin had noted the two 
prime facts of biologic progress, hered- 
ity and variation, and he realized that 
these two were but the inert groundwork 
of development ; but in over-propagation 
and consequent pinching out of the 
least-favored individuals he discovered a 
motor for his scheme.^ Darwin’s main 
thesis — ^that progress and species arise 
from propagation beyond the means of 
subsistence — has been importantly re- 
shaped; but the fact of over-propaga- 
tion, upon which his thesis rests, has 
stood up under the scrutiny of four 
generations of biologists. It is to-day 
one of the central axioms, theories, 
hypotheses, prejudices — call it what you 
will— of every biologist: All life tends 
constantly to press upon the conditions 
of existence. Collective' life, everywhere 
and always, tends to exceed the warrant 
for it. And this is simply a converse 
statement of the first clause of our 
hypothesis: “The size of a population 
varies directly with amelioration of the 
conditions of existence.” 

But it is not the growth of population 
which needs explaining. The universal 
life-fact of over-propagation, coupled 

< Wallace, M well, acknowledges Us debt to 
Malthas; see A. M. Carr-Saander^ "Tha 
Population Problem,” p. 18. 

• A fuller statement of the thsorj bf prog* 
ress appears in a brief essay, ^Progress— By 
Aoeident or Plan,” by the present author, 
SoiKimno Monthly, 80: ISO-IOS. 


with an enormous and cumulative ex- 
pansion in human well-being, amply 
justifies a far greater growth than any 
population has experienced. “Assum- 
ing a doubling in twenty-five-year 
periods to be well within the historic as 
well as the physiological limit, the de- 
scendants of a single pair living at the 
time of Christ would to-day be suffi- 
ciently numerous so that the entire sur- 
face of the earth would furnish standing 
room for about one eleventh of their 
number."* It is the slowness of popu- 
lation growth and the small size of 
present-day populations which want 
explaining. Here then is offered the 
possibility of an important economy of 
attention. We may concentrate mainly 
upon the second clause of our hypothe- 
sis: population tends to vary inversely 
with the prevailing level of the standard 
of living: our main task is to examine 
the proposition that the standard of liv- 
ing, in its complete bearing, explains the 
slowness of population growth. 

In brief, the problem of population 
presents two sharp, clear questions: (1) 
Why do populations increase f (2) 
Why do they not increase more rapidly? 
We find that biologists have answered 
with unanimity the first question, offer- 
ing propositions that are supported by a 
reassuring array of data. But students 
of population answer the second ques- 
tion with widely divergent opinions. 
Do the valid portions of all of these 
opinions find their ultimate explanation 
in the rising standard of living? Upon 
this quintessential putting of the ques- 
tion the main weight of our attention 
must fall 

Let us illustrate the salient features 
of our hypothesis with an imagixxary 
instance from insect life and a few 
rough data of population and human 
well-being. A tiny colony of ants ap- 
pears in a desk drawer. A few graiu 
of sugar at tea time somehow fell there 

*B. B. Beater, “Population ProUeaae,” pp. 
llS-10. 
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and attracted these immigrants. There 
was food in the region from which they 
came, but it was not so plentiful as in 
this new world. Just so has America 
beeome peopled with Europeans. An 
ant, let us say, requires for sustenance 
one grain of sugar a day. We supply, 
daily, exactly ten grains; the ant popu- 
lation soon will settle down to exactly 
ten. If there were originally thirteen 
ants, three must emigrate or die. There 
are precisely ten grains of sugar, and 
that will support ten ants — no more. 
The rate of propagation is a furious one. 
That matters not. Ants in other re- 
gions get wind of the sugar, and a ter- 
riflo immigration sets in. Again, no 
matter. Immigration, emigration, death- 
rates, birth-rates — all are secondary 
considerations in the population prob- 
lem ; they are themselves determined 
mainly by economic circumstances. The 
controlling fact is the sugar supply, ten 
grains, that settles it: a population of 
ten, yesterday, to-day, forever.’ . . . 
The population of Nevada per square 
mile amounts to seven tenths of a per- 
son. Nevada’s meagemess will support 
no more. But Massachusetts’ humming 
mill-wheels produce a flow of wealth that 
supports a population per square mile of 
four hundred and seventy-nine. More 
sugar, more ants. 

In a bunt of open-handedness, we 
raise the sugar-ration to twenty grains. 
A few weeks later we take a census — 
and with what result f To be sure: 
twenty ants. There was immigration, 
but no matter; the death-rate slackened; 
it is quite possible that even the birth- 
rate may have changed — biologists are 
not quite clear on that point — but no 
matter. There is but one point of im- 

▼ Tlii* ant imtanoe*— and the material which 
Mlowe— li not Introduoed of oemm to inbetan- 
tiata our thesii, but merely by way of illuetra- 
tioiu A phyiliM exhibiting a model made of 
wire and wooden baUSi repTeoentiiig the relatlTe 
poiitlone of the protone and eleetroni of a 
ehlorine atom and their patha of motioni Is not 
trying to prove a i^eory of matter^ but eimply 
en^voring to iUnatrate a etrongly appealing 
^j^theeia 


port: twenty grama of sugar daily in- 
stead of ten. Ten grains: ten ants. 
Twenty grains : twenty ants. 

For hundreds of generations, the 
population of North America (before 
Columbus) remained nearly stationary 
at a million and a half:* to-day, only 
four and a half centuries later, it is a 
hundred times as great. The vast 
wilderness for thousands of years 
yielded to bow and arrow sustenance 
enough for a million and a half of man- 
kind — no more. Then forests were 
felled, making rich tillage and pastur- 
age. Machinery came, and system, and 
science, opening richer fields : coal 
fields, oil fields, iron fields, copper fields, 
gold fields. A Niagara of wealth poured 
forth its abundance. Population in- 
creased a hundredfold. More grains of 
sugar: more ants. 

Let us see how our little colony is 
getting on: Twenty grains of sugar, 
daily, and twenty ants. However ab- 
surd, let us say our ants demand a bird- 
shot each to roll about in play. No ; our 
generosity will not afford so much. But 
as they insist we compromise on ten 
shot, and daily, ten grains of sugar. 
Ten grains of sugar and twenty antsf 
Yes, ten ants must die. A standard of 
living that includes both sustenance and 
play pinches out ten lives. High and 
unbalanced living-standards are as 
deadly as natural scarcities. 

Cruelly high standards of living 
check the growth of population as 
effectively as ever did niggardly nature. 
In every modem community there are 
families possessing an automobile, whose 
children are not properly clothed, or 
nourished, or doctored. Dressed to look 
like bankers’ sons, young men stand on 
street comers in winter smoking cigar- 
ettes to keep warm, because they have no 
money for woolen underwear and top 
coats.* Handsome eoupte which flash 
through fashionable boulevards on pleas- 

• A M. OaiT-SaimdsTt, Fopnlatioii 

Problem," p. 477. 

• The iUastratioiui eoataiirad in this para- 
graph aie given more folly in ^'A Sponge 
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ant Sunday afternoons are not all occu- 
pied by rising young attorneys and 
plant managers, but often by a clerk 
from the department store or bank ; and 
painfully, week by week, that clerk is 
paying something down to an automo- 
bile dealer as the price of his mere- 
tricious masquerade. At first glance, 
huge modem wealth seems to have lifted 
man above the reach of the iron claw of 
natural selection, but the burden of a 
towering standard of living bears him 
down. The family of the modem wage- 
earner whose wants and worries include 
theater tickets, a motor car, satin slip- 
pers and radio can afford little thought 
of physical examination or oculist or 
dentist. Twenty-five per cent, of the 
children in our large cities go to school 
every day badly nourished (in New 
York 34 per cent.), and the parents of 
many of them own motor cars, radio 
outfits, fur coats — at least, one of these 
luxuries.*® 

Had our colony of ants been content 
with five shot for play and fifteen grains 
of sugar, the population could have been 
maintained at fifteen. Had they insisted 
upon their shot and other gimcracks 
besides, driving us to cut the ration to 
five sugar grains, the surviving ants 
might have lived a well-equipped, civil- 
ized, sophisticated life; but survivors 
would number only five. Our example 
is absurd t It is not true to ant lifet 
No, but true of man life, where interest 
is thus divided between desires and 
needs. 

A wren, a mouse, a perch — every liv- 
ing thing but man — has a fixed stand- 
ard of living ; food every so often, crude 
shelter, perhaps, and nothing further. 
An increase in sustenance means a like 
increase in population. But man pro- 
duces consciously a large part of the 
food values he consumes, and he insists 
Theory of Population,'* by the present author, 
The New Bepvhlie, Vol. ZLI, no. 627. 

10 E. B. BeuteT| ''Population Problems,” p. 
255. 


upon producing and consuming other 
values as well. (The value of a motor- 
car, a rather handsome motor-car — that 
value, in food, would support a work- 
man's family for seven years.) Man’s 
productive energy is divided: part is 
expended upon the production of food 
values, and part upon the production of 
far different values : buildings and 
clothes, steamships and railways, thea- 
ters and parks, telephones and motion 
pictures, radios and motor-cars, smoking 
materials and chewing gum. In the pro- 
portion that these things enter into the 
standard of living, by just so much, the 
tendency of human population to in- 
crease as wealth increases is thwarted. 
Populations, whether of ants or wolves 
or butterflies or men, tend to increase 
directly as wealth (weal) increases; but 
when we speak particularly of man, we 
must add: population tends to decrease 
as the standard of living — and with it, 
the standard of craving — rises. 

Though the annual flow of wealth in 
Great Britain more than equals the total 
wealth produced each year in China, the 
population of Great Britain is but forty 
million, and the population of China, 
perhaps four hundred million. A vast 
difference in living-standards explains 
this striking contrast: the Chinese 
standard of living is hardly a tenth as 
high as the British. The population of 
the United States is one hundred and 
twenty million; the population of India 
triples that amount, though India’s rate 
of wealth production is not a third that 
of the United States. Again, a differ- 
ence in living-standards will explain. 
If Americans were to convert into food 
values the huge flow of wealth which 
they create, contenting themselves with 
an East Indian standard of living, pop- 
ulation would soon number half a billion 
— assuming, of course, a revolution in 
food-producing method in the United 
States or in some dark continent with 
whom we might exchange our manu- 
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faetared giDods — and this assumption is 
not nearly so bold as the suggestion that 
an American be content with a standard 
of living cut a tenth its present dizzy 
height. 

The amount of wealth produced annu- 
ally in Montana is about equaled in 
Mississippi: but Mississippi has three 
times Montanans population. Simply, 
the standard of living in the southern 
black belt is very low. Standards of 
living on the other hand are about the 
same in Idaho and Kansas; yet Kansas’ 
population is four times that of Idaho. 
And why! Kansas produces annually 
far more wealth than does Idaho. If the 
annual production of wealth in Great 
Britain increases by 10 per cent., but 
every family consumes 10 per cent, 
more in comforts or in luxuries, popula- 
tion must remain the same.^^ 
Birth-rates, death-rates, immigration, 
emigration — all are secondary considera- 
tions in the population problem. The 
piston, piston-rod and crank-shaft of a 
steam engine are important, but sec- 
ondary circumstances; the underlying 
matter is pressure and the expansive 
force of steam. Controlling factors in 
the growth of human populations are 
but two: the rate of wealth production 
and the standard of living. 

Insect, animal, reptile and plant 
populations vary directly as the means 
of subsistence increase or decrease. 
These creatures are not hampered by 
intelligence and a craving for ever 
higher living-standards.^* But with 
man it is different. In regions where 
similar living-standards prevail, popula- 
tion varies according to the amount of 
The mathematioal turn which our language 
at this point should not be construed as 
s^.texnent of our hypothesis, but merely as a 
xnaitWiatioal illustration of it. 

it Of. James Bonar, ^'Malthus and His 
WM,” pp. 61-2. Of. ''Parallel CSiapterB 
the First and Second Editions of 
Halthus' Essay on the Principles of Popula- 
tion” (Macmillan Oo.), p. 18. 


annually available wealth : in areas that 
produce equal amounts of wealth, popu- 
lation varies inversely with the height of 
living-standards.^* 

^‘What all strive for, even the poor- 
est, is not a living but a way of liv- 
ing. Here is an appealing view 
which is slowly pervading thought upon 
the problem of population. A shrewd 
London stock-broker, a Portuguese- 
Hebrew by descent, was probably the 
first person to appreciate in the slightest 
the bearing of the standard of living 
upon the size of populations. Says 
David Ricardo : * ' The friends of human- 
ity can not but wish that in all countries 
the laboring classes should have a taste 
for comforts and enjoyments, and that 
they should be stimulated by all legal 
means in their exertions to procure 
them. There can not he a better secur- 
ity against a superabundant popula- 
tion.^^ In these countries where the 
laboring classes have the fewest wants, 
and are contented with the cheapest 
food, the people are exposed to the 
greatest vicissitudes and miseries. ’ 
The second clause of our hypothesis, 
which hazards the guess that population 
varies inversely with the prevailing 
standard of living, is simply an acknowl- 
edgment that these views are probably 
correct. 

But the second clause of our hypothe- 
sis does not merely ''emphasize” the 
standard of living; it asserts that the 
effect of the struggle for a higher stand- 
ard of living includes and overreaches 
the force of the Malthusian checks upon 
the growth of population. The word 

IB The Torsion of oar hypothesis stated here 
is from a paper in the Sgiektifio Moktbly, 
July, 1926, 24; 10-18. 

IS B. M. Maolver, UniTersity of Toronto, 
"Civilization and Population,” The New Be- 
pv^lic, December 2, 1925. 

IB Italics are ours, 

is"Prinoiples of Economics.” Chapter V, 
2nd edition, p. 95, 
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emphasized is quoted from an editorial 
review of the first published statement 
of our thesis.^^ If our first statement 
was open to misunderstanding, let us be 
clearer here. The modem struggle for 
higher and higher standards of living 
not only delays marriage and brings re- 
striction of births, it also causes a dis- 
regard of the fundamental necessities of 
life. Not only are all swept into the 
mad race for civilization ’s alluring 
prizes, but the pace has become so furi- 
ous and attention is so intently centered 
upon the non-essentials and luxuries of 
modem life that there is starvation in 
the midst of plenty. Many persons, 
whose wages should afford every physi- 
cal necessity, go undernourished and 
badly clad to avail themselves of the dis- 
tinction lent by the latest model this or 
that, or the elation and thrill to be had 
from the latest form, or pitch, of 
amusement. The desirability of a good 
quality of food and other essentials is by 
its obviousness thrust into some oubliette 
of consciousness; while luxuries, which 
are the more conspicuous for their 
rarity, are feverishly desired. Under- 
nourishment, exposure and resulting 
disease are as definitely operative in 
checking the growth of population as 
when wealth was far less abundant. 

In wording ouf hypothesis, have we 
used the term wealth correctly t Do we 
mean wealth or do we mean well-being f 
Population tends to increase directly 
with wealth, or, population tends to 
increase directly with well-being f 
There is an important difference in im- 
port — in part these terms are contradic- 
tory. Wealth is a smaller realm within 
the domain of well-being. Human 
wealth comprises all items of well-being 
that exist under scarcity conditions. A 
clear warrant certainly for our sasring 
that these terms are in large sense con- 
tradictory, for only when an item in 
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human well-being becomes inadequate^ 
becomes scarce — is it classed as wealth. 
That area in the field of well-being not 
covered by the term wealth comprises 
items of well-being which do not exist 
under scarcity conditions, and which 
therefore can not constitute a limiting, 
or a controlling, circumstance. We 
have then chosen our language cor- 
rectly : Population tends to vary directly 
with wealth. Wealth is our word. 

Let us sum up. Over-propagation is 
universal. Life tends constantly to 
press upon the conditions of existence. 
Human life offers no exception. Wealth 
— all items of human well-being that 
exist under scarcity conditions — epito- 
mizes the objective limiting circum- 
stances of human existence. But the 
growth of population has not kept pace 
with amelioration of the conditions of 
human existence — population has not 
increased as fast as wealth. How are 
we to explain the slowness of population 
growth? The sole difference between 
the human case and all other cases in 
population is the progressive inclusion 
of non-essentials in a rapidly rising 
standard of living: wealth multiplies 
rapidly, but it is split into constantly 
larger shares : a certain increase in 
wealth therefore does not result in pro- 
portionate increase of population. Mar- 
riage is delayed and births are 
restricted; furthermore, emphasis is 
thrown upon non-essential values, and 
the simple necessities of life are neg- 
lected ; undernourishment, exposure and 
resultant disease are consequently kept 
in play. A rising standard of living — 
and standard of craving— trims pupa- 
tion at both ends : it tends to reduce the 
birth-rate and works against the reduo- 
tion of the death-rate. Our hypothesis 
of the growth of human population 
therefore should be read: VopuUsHim 
tends to increase directly with wealthp 
and inversely with the prevailing level 
of the standard of living. 
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Professor Huxley, while insisting on 
the demonstnible structural similarity 
between the aikithropoid apes and man, 
maintained that the differences between 
them are great and significant, and that 
the relatively slight physical diflPerences 
are emphasized by the relatively enor- 
mous differences in habits and mode of 
life. He was unwilling to view man 
simply as a eorpse, believing that a true 
picture of man in his relation to the ani- 
mal world could be obtained only by 
giving due consideration to all available 
comparative characters, both structural 
and psychological. 

But Sir William Flower was strongly 
antagonistic to this point of view. He 
maintained that in considering the rela- 
tionships between man and the animal 
world the same principles of classifica- 
tion must be used as are applied else- 
where, because zoological classification 
never has taken into consideration the 
psycholoigical characteristics which dis- 
tinguiidi the subjects of its investigations. 
He said further that the essential at- 
tributes which distinguish man and 
which give him a perfectly isolated posi- 
tion among living creatures are not to be 
found in his bodily structure and there- 
fore ihould either be left entirely out of 
consiiiBration or have such weight given 
to thetn as would remove him completely 
out of the region of zoological classiflca- 
tioiL His position was that to profess 
to dissify man as if he were one of the 
anilMls, as in all points of the structure 
and functions of his organs he undoubt- 
edly ' is, to place him in the class Mam- 
and then to allow other oonsidera- 
tioOii to influence our judgment as to the 
particular position he d:iould occupy is 
most illoi^eaL 
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Since Professor Huxley’s time the 
broader concept of man has among biolo- 
gists been completely superseded by the 
narrow view-point so well enunciate by 
Professor Flower. 

This narrow view-point has been de- 
veloped in such a way and to such 
extremes as to lead to conclusions which 
in their total disregard of man as man 
can not but give offense and arouse 
antagonism. 

No one can deny that a detailed com- 
parative knowledge of the structure of 
any creature is essential to the determi- 
nation of its position in relation to the 
other animals. 

But those who study animals both in 
the field and in the laboratory soon be- 
come aware of the important fact that 
no animal form can be properly under- 
stood from the facts revealed by the 
study of its structure and anatomy 
alone. An animal is something more 
than the sum total of the organic com- 
pounds, the secretions and the deposits 
that make up its body. There is some- 
thing in addition to the tangible physical 
complex represented by its structure and 
anatomy. 

The bodily mechanism of every animal 
in life is operated and controlled by a 
mental mechanism which as yet we are 
unable to explain in terms of physics 
and of chemistry. In each sort or kind 
of animal this mental mechanism takes 
the form of a definite complex peculiar 
to the species. 

These mental complexes are as much 
a part of the individuality of each spe- 
cies as are the tangible stractures of the 
body. To base our conclusions upon a 
single set of characters and to dismiss 
Others as irrelevant is simply to confess 
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our inability to comprehend and to inter- 
pret the whole in its true relations. 

It sometimes happens that two animal 
forms when studied as museum speci- 
mens are so extremely similar as to be 
scarcely separable, or even not always 
separable with certainty, although in life 
they could not be confused. For in- 
stance, when I was living on the island 
of 8t. Vincent I was very familiar with 
two little flycatchers which have quite 
different habits and a different song. 
One is found only in little companies in 
the lowlands in the vicinity of Kings- 
town, while the other is solitary and lives 
on the mountain sides. Must we regard 
these as trivial varieties of the same 
species, which is the only course possible 
on the basis of museum material, or shall 
we take into account the obvious and con- 
siderable differences in their habits and 
their songs and call them different 
species? 

Descriptions of the different breeds of 
dogs would be considered wholly incom- 
plete without some mention of the mental 
traits of each. This is because we ap- 
praise the dogs on the basis of all the 
characters which enter into their rela- 
tions with us. The diverse mental traits 
of the different breeds, therefore, become 
a matter of great interest. 

But if in the c^se of dogs we are 
always careful to consider the mental 
differences as well as the structural 
variations more or less peculiar to each 
of the several breeds, why should we not 
admit that the habits of all animals 
should in the same way be considered in 
connection with their structure? Why 
should we be so careful as to emphasize 
the terriers' peculiar propensity for dig- 
ging, the spaniels' curious love for water 
and occasional dexterity in catching fish, 
the stupidity and ferocity of bull-dogs, 
and all the other canine traits, and then 
maintain that man in his relation to the 
apes must be considered wholly, or 


almost wholly, on the basis of his struc- 
ture? 

How can we acknowledge the impor- 
tance of the mental differences between 
the greyhounds and the hounds, between 
both of these and collies and between all 
three and bull-dogs, and then deny, or 
at least minimize, the importance of the 
mental differences between the orangs 
and the chimpanzees, between both and 
the gorillas and between all these and 
man? 

So far as our evidence goes, the use of 
fire and of tools were human attributes 
from the very first appearance of man- 
kind. It may be assumed that the same 
is true of speech and the use of clothing. 
There is not the slightest evidence that 
these human attributes were acquired 
one by one as man departed more and 
more from an ape-like ancestor. 

It so happens that the closest parallel 
to the activities of man is to be found in 
the activities of the insects and their 
allies and not among the vertebrates or 
backboned animals where we should ex- 
pect to find it. Furthermore, among the 
vertebrates the birds as a whole come 
rather nearer to man in the scope of 
their mental attributes than do the other 
mammals, while among the mammals the 
rodents — rats, mice, beavers and their 
relatives — are the most similar. 

The use of fire and of fashioned tools 
is confined to man. Certain ants, some 
reptiles, as the alligator, and certain of 
those strange birds called megapodes 
make use of artificial heat of bacterial 
origin derived from decaying vegetation. 
But the ignition point is never reached. 

Certain digger wasps use little pebbles 
or little bits of stick to smooth the earth 
down over a buried victim. The spin- 
ning ants build their silk nests by using 
their grubs which they hold in their jaws 
and pass back and forth from leaf to 
leaf. The grubs have silk glands which 
the adults lack, so that the construction 
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of silken nests by ants is possible only 
through a curious system of enforced 
child labor. There are other cases of 
the use of tools and implements by in- 
sects. But the tools they use are never 
made by them. 

Many insects in their early stages 
encase their body in a little jacket made 
of various substances bound together 
with a web of silken threads. For in- 
stance, the caterpillars of the clothes- 
motlis make suits for themselves of hairs 
cut from ours. The larvae of the caddis- 
flies make somewhat similar covering out 
of sticks or sand grains. Very many 
insects construct an elaborate cocoon, 
which may be waterproofed inside, 
wherein the pupal stage is passed. 

Many youthful insects cover them- 
selves with the empty skins of their vic- 
tims or with various foreign substances 
which they impale upon or entangle 
among their spines. This may be pri- 
marily for the purpose of concealment 
or deception, but in many cases it seems 
to be simply for adornment. At any 
rate, the larva of a lace-winged fly or 
the caterpillar of an aphid-feeding but- 
terfly draped in dead aphid skins 
strongly suggests a primitive human 
draped in furs. 

Many insects have highly developed 
social systems which superficially seem 
much like those of man, as we see among 
the ants, wasps, bees and termites. Some 
of these social insects seem to be able to 
exchange a considerable range of infor- 
mation, though on principles quite dif- 
ferent from human speech. 

Some social ants make use of slaves. 
Others have developed an elaborate form 
of agrioolture. Many make use of other 
types of insects — aphids, coccids, jassids, 
membranes and the caterpillars of vari- 
ous lyeaenid butterflies — ^much as we 
make use of cattle. These they some- 
times tend with the very greatest care, 
building shelters over them or looking 


after them in various ways and protect- 
ing them from their enemies. 

Some insects make use of others which 
are much more powerful than themselves 
in traveling from place to place. For 
instance, the young of the oil beetles are 
transported by the parents or the at- 
tendants of their victims. 

All insect societies support scavengers 
and also parasites of various types, most 
curious of which are other insects which 
persuade their hosts to feed them. 

Chemical processes are extensively 
used by insects. These are, however, 
almost entirely concerned with special 
bodily secretions. There are the various 
types of silk produced by insect larvae 
and by spiders; the paper made by 
wasps ; the wax produced by bees, aphids 
and other insects ; sweet substances 
secreted by aphids and other types ; nar- 
cotics used to stupefy the prey ; antisep- 
tic substances used to protect the eggs, 
and various kinds of poisons. 

But here we become involved with the 
chief difference, other than structural, 
between the insects and the vertebrates. 
In their relations to the world about 
them the insects are mainly guided by 
the chemical senses which in us are rep- 
resented by taste and smell, whereas in 
the vertebrates the eyes and ears are 
commonly the main controlling organs, 
often combined with touch, and smell 
and taste are relatively unimportant. 
So the extensive use of chemical proc- 
esses by insects is quite in line with the 
largely chemical nature of their external 
contacts. 

The very diverse snares of spiders 
and of some insect larvae, as the young 
of some fungus gnats, the various struc- 
tures — nests, pitfalls, cells and others — 
built by insects and their often highly 
complicated tunnelings show an engi- 
neering skill and a knowledge of many 
of the laws of physics which is quite 
extraordinary. 
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Among the insects and their relatives 
each species on issuing from the egg and 
on entering every stage thereafter is 
endowed with a knowledge of all 
branches of science which is detailed 
and complete so far as concerns its needs 
at that particular time. At different 
periods of its existence its knowledge 
may differ widely, as in the case of those 
little caterpillars which at first are 
flower feeders, then enter ant nests and 
feed on the young ants and finally turn 
into butterflies, crawl out of the ant nest 
and fly away. 

The only birds to make use of artifi- 
cial heat are some of the megapodes or 
brush-turkeys. These scratch together a 
loose mound of leaves, rubbish and 
earth, lay their eggs in it and then cover 
them. The heat arising from the decay- 
ing vegetation in this natural incubator 
furnishes the warmth necessary for the 
hatching of the eggs. The same pro- 
cedure is followed by the alligators and 
the crocodiles. Other kinds of mega- 
podes and the crocodile bird of northern 
Africa simply bury their eggs in warm 
sand, like turtles. 

In the formation of their nests birds 
display the most extraordinary skill in 
the use of fibers, sticks and mud, or in 
some cases the secretions from their 
salivary glands. ^'They also show great 
skill in hewing out holes in the trunks 
and branches of dead trees, and in bur- 
rowing in banks and in the ground. 
Often extraordinary ingenuity is exhib- 
ited in selecting situations for the nests, 
both when they do the work of making 
them themselves and when they appro- 
priate the deserted nest or nesting site 
of some other species. Many nests are 
very complicated, especially such nests 
as are entered from the side. Among 
the most curious are the ingeniously 
sewn nests of the oriental tailor-birds, 
the long pendent nests of the cassiques, 
related to our orioles, and the more or 


less similar nests of some the African 
weaver-birds. Some birds, as certain 
weaver-birds and a small parrot in 
Argentina, build community nests, like 
apartment houses. 

Some water-birds build floating nests, 
like rafts, which may be towed from 
place to place. The molmots build their 
nests in the nests of termites, and cer- 
tain kingfishers in sdutheastem Asia 
make their nests in the holes of trees 
which are tenanted by bees. 

Many birds ornament their nests. 
The common orioles often weave into 
their pendent nests bits of bright- 
colored yam or string; the indigo bird 
incorporates bits of paper; the crested 
flycatchers use the cast fkins of snakes, 
and other birds use other objects, such 
as shells or bright bits of stone or 
pebbles. One bird in India enlivens the 
vicinity of its nest with fireflies stuck in 
the ground. 

But it is not only in the formation of 
their nests that birds show mental traits 
more or less parallel to those of man. 
The bower-birds of Australia build 
curious runs or play-houses which they 
ornament with bright and conspicuous 
objects of all sorts and which have no 
connection with their nests. Many other 
birds, particularly in the crow family, as 
ravens, crows, magpies and jays, are 
very fond of gathering and hoarding 
bright, conspicuous objects, especially 
metallic ones. It may perhaps be men- 
tioned that many birds, especially 
among the parrots, crows and mynahs, 
can duplicate more or less extensively 
and correctly the sounds, though not the 
intent, of human speech. They are the 
only creatures which are able to do this. 

Among the mammals, only the rodents 
can be compared with birds in the diver- 
sity of their mental traits. It may be 
noticed that all the true rodents have 
the peculiarity of sitting erect and using 
their fore paws very much like hands. 
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Many make rather elaborate nests on or 
in the ground, in grass or rushes, or 
among the branches or in holes in trees. 
The nests of rodents are always entered 
from the side or from below and are 
never open above like the nests of many 
birds. Perhaps the most interesting of 
the peculiarities of rodents is to be 
found in the construction of dams by 
beavers. Another interesting thing is 
the habit of some types, as the wood-rats 
and the Norway rat, of accumulating 
bright, conspicuous objects more or less 
after the fashion of the crows. 

The existence in man, in the insects, 
in the birds and in the rodents of so 
many strikingly similar mental traits 
which are conspicuously absent in the 
monkeys and the other mammals must 
have some significance. There must be 
some basic underlying reason for this 
curious distribution of corresponding 
mental attributes. What have these 
various groups in common wherein they 
differ from the other creatures inhabit- 
ing the landf 

Among the insects man-like mental at- 
tributes are almost exclusively confined 
to types in which the young are very 
different from the adults, either soft, 
delicate and headless grubs, as in the 
case of the ants, bees and social, para- 
sitic and predaceous wasps — the mud- 
daubers, caterpillar-wasps and others — 
or soft^bodied, worm-like things as the 
young of caddis-flies and the caterpillars 
of small, feeble moths and butterflies. 
But they also occur in the white ants or 
termites, which are weak and feeble in 
all stages, and in a few other types. 
What may be considered the clothing of 
the insect body — the construction about 
it of a more or less dense cocoon of silk, 
of itself alone or used as a binder for 
other substances — is common to nearly 
all insects which have an inactive pupal 
stage. 

Among the birds, mental attributes 
which parallel the human are almost ex- 


clusively conflned to those types with 
helpless young which for their upbring- 
ing require the attentions of both par- 
ents, and among these they are most ob- 
vious and marked in the smaller and 
weaker forms. Birds with active and 
more or less self-reliant young which are 
tended by one parent only, large and 
powerful birds and sea-birds nesting 
where they are safe from enemies, as a 
rule show little on no skill in making 
nests and scorn the use of ornaments. 

Weak and helpless young are especi- 
ally characteristic of the rodents, par- 
ticularly of the small mouse-like or rat- 
like rodents in which the man-like mental 
attributes are particularly to be re- 
marked. The nests of rodents, like the 
nests of birds, are primarily incubators 
designed to facilitate the maintenance 
of a proper temperature. Many rodent 
nests, as those of various mice, the musk- 
rats and the squirrels, would seem to be 
constructed in such a fashion as to 
create within them through bacterial ac- 
tion a temperature higher than that out- 
side. Whereas among the birds nests 
are used only for the rearing of the 
young, many northern rodents pass the 
winter in them in a state of hiberna- 
tion. 

So a survey of the animal world brings 
out the extraordinary fact that mental 
ingenuity is developed to offset some 
dangerous physical weakness in the ani- 
mals involved. This physical weakness 
usually has to do with helpless younger 
stages, as in the social insects and the 
birds and rodents, but it may involve 
the later stages, as the helpless, inactive 
pupal stage of certain insects, all stages 
in the termites, and the hibernation 
period of rodents. 

Thus physical weakness in the ani- 
mal world is offset by the appearance of 
mental attributes comparable, or at least 
parallel, to those of man, and the more 
pronounced Ihe weakness the more man- 
like do these attributes become. 
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Have these sporadic and isolated in- 
stances of mentality in the insects, birds 
and rodents any real bearing on the 
question of the relationships of man 1 

So far as his structure goes, man is 
extremely close to the anthropoid apes. 
There is no denying this. Those who in- 
sist on contemplating man solely as a 
corpse will stop right here. But those 
who agree with me that in order cor- 
rectly and properly to understand man 
in his relation to the living world we 
must take into account the mental mech- 
anism that controls and guides his body 
will wish to continue further. 

Of the animal world taken as a whole 
it may be truly said that where the 
greatest weakness lies, there also lies the 
greatest strength. No one can deny that 
at the present time the insects are the 
most formidable competitors of man. 
There are more than three times as many 
different kinds of insects as there are of 
all other types of animals together. 
Among the insects by far the most 
numerous both in species and in indi- 
viduals are those forms, as the ants, bees, 
wasps and their allies, beetles, flies and 
moths, which have weak and feeble 
worm-like young. They are the most 
successful and resourceful of the insects. 
They include the largest as well as the 
smallest species, but their average size is 
considerably less than that of other in- 
sects. 

Among the mammals the dominant 
type at the present day is the group of 
rodents, especially the murine or rat-like 
rodents. Here again we find as the 
dominant group, most numerous both in 
species and in individuals, a group in- 
cluding species of which the average size 
is very small and which have helpless 
young. 

Among the birds the dominant types, 
most numerous in species and in indi- 
viduals, are again those of small size 
with helpless young. 


So everywhere we find as the domi- 
nant types of animal life, at least cm 
land, those with inherent weakneases — 
small feeble bodies and dependent help- 
less young — which we might assume 
would imperil their existence. But in 
these types weakness of body is more 
than offset by the occurrence of more or 
less man-like mental alertness and inge- 
nuity. In these types we see fore- 
shadowed here and there, appearing in 
a curiously disconnected, sporadic and 
isolated manner, many of the mental at- 
tributes of man. 

We learn from the study of paleontol- 
ogy that as animal forms increase in size 
or otherwise become increasingly more 
and more specialized they become leas 
and less susceptible of change and more 
and more dependent upon the mainte- 
nance of conditions as they are. If con- 
ditions change, the giants and the highly 
specialized creatures disappear and the 
groups persist through the smaller and 
more generalized among the included 
types. 

What bearing has all this on the ques- 
tion of the relationships of manf 

First of all, let us repeat that man in 
his structure undeniably is extremely 
close to the anthropoid or man-like apes. 
At the same time there are sharp and 
clean-cut differences between man and 
any of the apes. Every bone in the body 
of a man may be at once distinguished 
from the corresponding bone in the body 
of any of the apes. 

Prom the physical view-point man is 
the least efficient of all living creatures. 
In the first place, his young are helplM 
for many years and require parental 
guidance almost to the adult stage. 

In the second place, man is the only 
vertebrate which has a serial family OOill- 
posed of dependent young in all stages 
of development ranging from newly boite 
to adult or subadult. In all other verls^ 
brates the young, whether as individuals 
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or in a litter, are always independent of 
the parents before new young are bom. 
The only parallel to the conditions found 
in man are the serial broods of the social 
ants, bees and wasps. In the third 
place, man lacks the muscular power of 
the other vertebrates with which he must 
compete. His feeble body is no match 
for the powerful bodies of the great 
grass-feeding mammals or for those of 
the great cats, wolves and other preda- 
ceous creatures. He is relatively slow of 
foot and is a poor and inexpert climber. 

Feeble and frail of body with helpless 
and dependent young and the further 
handicap of a serial family, man is the 
dominant living creature in the world 
to-day by virtue of his extraordinary 
mental attributes. These include all 
those found in all other living things 
and many more besides. Man must have 
a mind superior to that of all other liv- 
ing things because he has the maximum 
number of liabilities to meet. 

It is commonly asserted that while the 
reactions of man are the result of intelli- 
gence, those of insects, birds and rodents 
are due to instinct, and therefore that 
the two are not comparable. Instinct is 
defined as ‘^a special innate propensity, 
in any organized being, but more espe- 
cially in the lower animals, producing 
effects which appear to be those of rea- 
son and knowledge, but which transcend 
the general intelligence or experience of 
the creature. In the Century Dic- 
tionary we read further that * ^ instinct is 
said to be blind — that is, either the end 
is not consciously recognized by the ani- 
mal, or the connection of the means with 
the end is not understood. ’ ' Intelligence 
is defined as ‘‘discernment or under- 
standing,” and as ‘‘cultivated under- 
standing.” 

Now if intelligence is really discern- 
ment or understanding, as according to 
definition it is, it is difficult to see 
wherein it differs from instinct as dis- 


played by insects, birds and rodents. 
For instance, the caterpillar and other 
fossorial wasps display great discern- 
ment and understanding in providing 
for the welfare of their young, which 
they will never see. Their actions are 
certainly based upon definite and de- 
tailed knowledge of the conditions which 
must be met. How they acquired that 
knowledge is wholly unknown to us, but 
it is indubitable that the knowledge is 
there. Whether there is reason back of 
them or not is a matter of opinion. Rea- 
son is variously defined, but all defini- 
tions of reason are based upon the gen- 
eral idea that reason is a faculty 
characteristic of and peculiar to man. 
As a comparative term, therefore, the 
word reason is quite without meaning. 
Whether their actions transcend their 
general intelligence or experience we do 
not know. We have no measure what- 
soever of their general intelligence, and 
we can not tell how much they may or 
may not remember from their own larval 
life. 

There is no object in prolonging this 
discussion. On examining the facts we 
see that intelligence and reason are sup- 
posed to be peculiar to man; actions 
which in man are acknowledged to be 
the result of intelligence and reason, 
such as the use of heat, tools and cloth- 
ing, if duplicated in insects are assumed 
to be the result of blind instinct. But 
in the absence of indubitable proof the 
same or very similar actions can not be 
supposed to arise from wholly different 
causes. So after all we are forced to 
admit that intelligence and reason are 
simply mental attributes we think we 
understand, while instinct is a mental 
attribute we know we do not understand. 
That seems to be the only tangible dif- 
ference between them. 

We marvel at the fact that every in- 
sect at birth and at the beginning of 
every subsequent stage thereafter is en- 



262 


THE SCIENTIFIC MONTHLY 


dowed with a technical education which 
is entirely sufficient for its needs. This 
is instinct, we say. Then, putting all 
ideas of instinct aside, we carefully note 
the actions of an ape and compare them 
with those of a child. We find various 
similarities. Of course we do ; it would 
be quite extraordinary if we did not. 
Some observers, closing their eyes to a 
whole series of important facts, say that 
this proves the close relationship be- 
tween the apes and man. This relation- 
ship is already proved by their struc- 
ture, so this is nothing new. 

But we are not informed that none of 
the apes or monkeys have a true baby 
stage, except possibly of the briefest du- 
ration. They are bom with what might 
be called a subadult mentality. The 
actions of the young are almost from the 
very first more or less like those of the 
parents. This is not at all the case with 
children. 

In order to show the fundamental and 
far-reaching differences between babies 
and young monkeys three peculiarities 
of babies may be mentioned. 

When babies begin to hold and to 
touch objects they show an extraordi- 
nary preference for hard and especially 
rough objects. Babies are very fond of 
passing their fingers over sandpaper, 
which they much prefer to ordinary 
paper. So far as I know this is not at 
all true of young monkeys. 

Babies when playing with a hard 
object, such as a watch, always end by 
whacking it against something. If 
monkeys lose interest in anything they 
simply drop it. It may be remarked, 
however, that adult monkeys, especially 
baboons, are sometimes extremely de- 
structive. The whacking propensity of 
babies certainly is not learned from 
their parents. It commonly results in 
parental resentment. But it is perhaps 
the most important and significant in- 
stinctive reaction of babies. It at once 


proclaims them as fundamentally dif- 
ferent from monkeya. So does th^r 
preference for hard, rough objects. It 
is probably not too much to say that 
these two instinctive reactions of babies 
lie at the base of all material human 
progress. 

A third peculiarity of babies is a con- 
stant desire to hold something. Young 
monkeys, of course, like to cling to the 
mother, but show no desire to hold 
foreign objects. This curious desire to 
have something in the hand is continued 
throughout life. Women prefer carry- 
ing valuables in hand-bags which are 
easily mislaid to carrying them in pock- 
ets where they would be safe and both 
hands would be free, and very many 
men feel more or less ill at ease without 
a cane or newspaper or something else 
carried in the hand. 

It is usually assumed that man is de- 
scended from tree-living or arboreal 
apes. Every zoologist will admit that 
the apes and monkeys are very highly 
specialized. 

Prom a study of paleontology we 
learn that a specialized type of creature 
either becomes still further specialized 
or dies out. It never gives rise to less 
specialized types. It is the least special- 
ized creatures that contain the seeds of 
the evolutionary trees. 

Now if apes and monkeys are highly 
specialized how could man have de- 
scended from them without forming a 
conspicuous exception to an otherwise 
fixed and immutable evolutionary lawt 

Nearly all modem evolutionists main- 
tain that monkeys are primarily tree- 
living creatures. There is no proof of 
this whatever. Of course the great ma- 
jority of the existing monkeys live in 
trees. But this does not prove monkeys 
as a whole to be, or rather to have been, 
fundamentally arboreal animals. 

At the present day many kinds of 
baboons live where there are no trees, 
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while others, and also some of the 
macaques, living in sparse or open 
forests, prefer the ground to the trees. 
In a rather open forest I once surprised 
a Barbary ape feeding on the ground 
which made off through the woods at a 
terrific rate toward a rocky hill in the 
distance. Evidently it felt quite safe in 
the open, but not in a tree. In fact, this 
monkey and some of its relatives are sel- 
dom seen in trees, except when raiding 
fruit in the early morning. 

Another very prevalent idea is that 
monkeys are primarily tropical creatures 
adapted to a warm climate. Most of the 
living monkeys are tropical. But the 
monkeys of the mountains of Japan, 
and especially those of the highlands of 
Tibet, are perfectly well able to endure 
extremely severe winters. Monkeys will 
live wherever there is a sufficiency of the 
right kind of food, regardless of tem- 
perature. 

Monkeys can be properly appreciated 
only when considered in connection with 
the sloths and ant-eaters. The three 
types of living sloths all live in trees, 
hanging upside down from the branches. 
One of the ant-eaters, the well-known 
great ant-eater, lives on the ground, but 
all the other ant-eaters are exclusively, 
or at least chiefly, arboreal. 

The sloths and ant-eaters, therefore, at 
the present time are more emphatically 
tree-living creatures than are the mon- 
ke3n8. The great ant-eater, like the 
chimpanzee and the gorilla, seems to 
have descended from the trees to the 
ground. He is very poorly adapted for 
terrestrial existence, for his fore paws 
are fitted for clinging and tearing, not 
for walking, and when he walks he sup- 
ports himself on the knuckles of the fore 
paws with the fingers turned in just as 
do the gorilla and the chimpanzee. 
When cornered he does not make any 
attempt to run, because his awkward 
hobbling gait can not be quickened into 


an effective run. So he faces the enemy 
and stands erect with his long arms out- 
stretched. The gorilla also faces the 
enemy, pounding his chest. 

It so happens that we know a rather 
large number of fossil sloths. These are 
creatures which might be described as 
combining the body of the great ant- 
eater with the head of a sloth. They all 
had grasping fore feet with long claws 
and in walking the outer side of the 
wrist was placed on the ground, and the 
hand was turned inward. 

The ground sloths were far too large 
and heavy ever to have lived in trees. 
But the structure of their feet, especially 
of their fore feet, was such as to make 
them especially well fitted for climbing, 
just as in the case of the monkeys. So 
some of the sloths became arboreal. 
Eventually all of them except for three 
small, tree-living types died out. 

I can not help believing that the mon- 
keys and the sloths must have had ap- 
proximately the same history. The 
monkeys were probably originally terres- 
trial creatures with grasping fore feet 
but less specialized hind feet. As in the 
case of sloths and ant-eaters, tree-living 
forms were developed reaching their 
highest perfection in the gibbons and 
some of the American monkeys — espe- 
cially in America. It is doubtful if the 
gorilla and the chimpanzee were ever 
more arboreal than they are now. While 
this is pure speculation, it is more rea- 
sonable than the assumption that mon- 
keys are fundamentally tree-living 
creatures. 

Man is, of course, one of the Primates, 
the group which includes man and the 
monkeys. He is structurally very close 
to the anthropoid apes, but there are 
definite, clean-cut and important differ- 
ences between man and any of the apes. 
These structural differences are greatly 
accentuated, by other differences which 
seem to be of a fundamental nature. 
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The young of man are helpless and 
pass a considerable time in a baby stage, 
whereas the young of all monkeys are 
practically from the first little monkeys. 
Many instinctive reactions of babies are 
related to distinctive human traits and 
are very different from anything seen in 
young monkeys. 

Man has a serial family of more or 
less helpless young in all stages necessi- 
tating the combined care of both parents, 
or its equivalent, over a long period of 
years. The serial family is the basis of 
the human social system, which is wholly 
different from the horde life of the apes. 

Elsewhere in the animal kingdom a 
serial family of dependent young is 
found only in the social ants, wasps and 
bees, which have as a result developed a 
social system parallel to the human. In 
the monkeys we find a social life without 
any social system. The individuals sim- 
ply live together in a promiscuous horde 
in which each female raises her own 
young unaided. The social life of 
monkeys resembles that of wolves, wild 
cattle and other creatures, but pot that 
of man. 

Man is physically weaker than any of 
his competitors. But this weakness, 


accentuated by the dependent family 
consisting of several or many children in 
all stages of development, is offset by the 
existence in man of inherent instincts — 
foreshadowed here and there in isolated 
instances in the lower animals but 
grouped and accentuated in man — such 
as the use of fashioned tools, of fire, of 
speech and of clothing. 

These inherent instincts have by man 
himself been coordinated into intelli- 
gence, and this intelligence developed 
until now man is easily supreme. Not 
only has man been able to excel all other 
living creatures in their specialties, in- 
cluding rapid transportation over the 
land and over and through water, flying 
and burrowing, but he is rapidly master- 
ing the mysteries of the chemical syn- 
theses of plants. 

Man never was arboreal, and none of 
his ancestors was ever arboreal. All his 
characteristics are those of a ground- 
living creature walking erect. Man 
never was a monkey. Man is a muta- 
tion, and a rather broad mutation, from 
the same general stock as that which 
produced the monkeys. Just what that 
was we do not know. 



A BIOLOGICAL METHOD FOR DESTROYING 

BEDBUGS 

By Dr. N. T. LORANDO 

CHIEF PHYSICIAN TO THE EVANQELISMOB HOSPITAL AND NEAR EAST RELIEF, 

ATHENS, GREECE 


Several preparations of known and 
unknown composition have been tried 
for the destruction of bedbugs. The re- 
sults from the use of these preparations, 
however, are irregular and incomplete. 
They require persistent use of antiseptic 
medicines on the spots requiring disin- 
fection — a task and expense varying ac- 
cording to the size of the place to be 
disinfected. 

To-day the proposed method is not 
limited to the use of antiseptic drugs 
only. It is a biological method involving 
no great additional work or expense. 

The bedbugs, as we know, belong to 
the class of semi-winged, of the family 
of Cimicids, with the name Cimex lectu- 
larius for the bedbugs of our country, 
Cimex rotundatus for tropical bedbugs, 
Cimex hirwndinis for bedbugs of swal- 
lows’ nests. Several writers have stated 
that bedbugs are carriers of different 
diseases, chief of which are: recurrent 
fever, plague, leprosy, tuberculosis, kala- 
azar and the American trypanosomiasis ; 
but for the present these remain simply 
as conjectures until further investiga- 
tions show whether they are well founded 
or not. July, 1925, H. E. Shortt 
and C. S. Swaminath^ pointed out that 
bedbugs could not transmit kala-azar to 
monkeys, although the parasites devel- 
oped enough in the body of the bedbugs 
on which they were making their experi- 
ments. Disregarding the diseases men- 
tioned above, the nightly disturbance of 
the parasites is such that many have ex- 
perienced their bites, especially if one 
happened to be in a small country hotel 
or has been in military service. From 

1 H. K Bhortt and 0. 8. Bwamlnath, Indian 
Jft Ued. Beeearch, Julj, 1920, 143. 


many people who have come to Greece 
to study and see the ancient monuments 
I have heard complaints because of the 
bites which they have received in va- 
rious Greek towns. My friend, Stilpon 
Pittakis, director of the late Museum of 
the Evangelical College of Smyrna, came 
to me in desperation, after a sleepless 
night, and in reply to my question as 
to the reason for his condition said, 
'‘Athens was called famous by the an- 
cients ; I call it a city of bedbugs, 
Koreopolis/* 

The condition of some of the houses 
of modern Greece as well as of Albania 
and other parts of the Balkans has 
been the same from antiquity. In the 
"Clouds” of Aristophanes we read this 
interesting dialogue: 

Socrates: Here Strepsiades, bring me a bed. 
Strepsiados: But I can’t. The. bedbugs won’t 
let me. 

In the "Frogs” of the same author, 
Dionysus asks Heracles, when he was 
thinking of going to heaven, "Tell me 
about it — ports . . . streets, hotels, where 
bedbugs are most scarce.” 

In Athens in September, 1922, after 
the tragic days of our nation, many 
refugees were established in wooden bar- 
racks. Immediately bedbugs wore found 
to such an extent that many of the in- 
habitants spent the night in destroying 
these parasites. Unfortunately, the bed- 
bugs multiplied so rapidly that in 1923 
many inhabitants of the camp "Eaisar- 
iani” during the summer nights moved 
their beds into the roads or into neigh- 
boring fields in the hope of finding a few 
hours of rest. Unhappily even this was 
impossible because the bedbugs came 
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down from the roofs of the camp into 
the roads and quickly reached the beds 
of the people; and after a time some 
members of the family were forced to 
sweep the floor in order in this way to 
keep an area clean from the approach- 
ing army of bedbugs. This I could not 
verify myself, but trustworthy inhabi- 
tants of the camps reported this state of 
affairs on several occasions. Such was 
the condition for two years, 1923, 1924. 
Then suddenly the bedbugs decreased 
and gradually disappeared completely, 
first in the camp '^Eaisariani” and then 
in the others. Probably some thought 
that this result was due to the cleaning 
which the inhabitants had undertaken, 
for they had worked very hard to clean 
their rooms, using different antiseptics. 
But we know that disinfection of the 
wood from such parasites is practically 
impossible, especially in these wooden 
barracks where some people succeeded 
in destroying the parasites, but others, 
for various reasons, through carelessness 
or inability to use antiseptic medicines, 
did not meet with any effective result. 

The destruction of the bedbugs came 
finally and completely, because they were 
no longer found after 1925 in the camps 
mentioned above. We examined the va- 
rious causes, and finally found a special 
kind of spider which we studied inten- 
sively in the laboratory of the American 
Near East Relief. This is the reason for 
the destruction of the bedbugs. This 
spider is in length about one and a half 
centimeters, in width three quarters of 
a centimeter, and is made up of the 
cephalothorax, abdomen and four pairs 
of legs. It is of light gray color, the 
dorsal surface of brown with three bands 
of darker color, one in the middle and 
one each on the sides, all three curving 
down to the abdomen. 

The movements of this spider are such 
that one is amazed at the ease with which 
It seizes not only bedbugs but also flies 
that happen to fly near it. It feeds 


especially on the blood of bedbugs, seiz- 
ing the insects by their backs and suck- 
ing their blood to such an extent that 
finally there is nothing left but the skin. 

The bedbug does not appear to be 
aware of such a dangerous enemy, be- 
cause it draws near to the spider with- 
out fear, and we know, on the contrary, 
that it tries to save itself when it is pur- 
sued by man. When a bedbug draws 
near to the spider which is already busy 
with its first prey the spider pricks the 
second bedbug with its hind legs so that 
it remains motionless until the spider has 
finished its first victim. I thought that 
through these pricks the spider anes- 
thetized its prey by some special kind 
of poison, but my friend, Mr. Tanagras, 
to whom I mentioned the actions of the 
spider, explained this by the phenome- 
non of catalepsy. 

In this way each spider in our labora- 
tory fed upon thirty or forty bedbugs a 
day, according to their size and to the 
quantity of blood food. After a few 
days the female formed a nest of solid, 
narrow web, about four centimeters 
square, within which there were found 
thirty yellow eggs, of the size of the 
head of a pin. When examined with a 
microscope they are seen to be disk- 
shaped, and have a central nucleus of 
thick, gray matter, while the circular 
part around it is transparent. After 
eighteen days the young spiders are 
hatched in the summer time, and imme- 
diately they begin to attack the bedbugs 
with no fear of their largo size, curiously 
enough. Several young spiders attack 
the bedbugs upon their backs and suck 
their blood in the same way as the adult 
spiders do. Their development takes 
place quickly, and in about three months 
they reach a fully mature form, after 
which they will change their skins sev- 
eral times. 

The same spider weaves two or three 
nests in summer time, and watches over 
them during the incubation period. I 
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sent some specimens of this spider to the 
British Museum of Natural History for 
further study. To Dr. Louis Sambon, 
who very courteously examined my speci- 
mens and sent me detailed information 
concerning them and the pitting of 
natural enemies against carriers of dis- 
eases during ancient times, I owe very 
deep obligations.* Dr. Sambon deter- 
mined that the bedbug-eating spiders 
belong to the genus Thanatos, subfamily 
Philodrominae of the family Thomisidae. 
I sent specimens to Dr. L. 0. Howard, 
the famous entomologist of Washington, 
D. C., and at his request Dr. Petrunke- 
vitch, of Yale University, very kindly 
determined the species as T. flavidus 
Simon. 

So far as I am aware there is no record 
in entomological or medical literature of 
spiders being used to eradicate bedbugs. 
Dr. Sambon wrote to me : 

Your information concerning the destruction 
of bedbugs by spiders in the infected wooden 
barracks allotted to refugees in Athens is of 
great interest and parallels an observation I 
made some years ago (1910) in Italy, where 
in stables of the Province of Bergamo I found 
similar spiders, preying upon swarms of the 
stable-fly {Stomoxya oaloitrwM) gorged with the 
blood of oxen. From time immemorial the 
Italian peasants have held that cobwebs in 
stables are essential to the healthiness of cattle 
and my observations proved them rights 

The bedbug-eating spider, although 
named Thanatos, ie not poisonous, for 
the refugees never reported to me any 
trouble, pain or poisoning due to the 
spiders. Spiders of the group of Philo- 
drominae are of world-wide distribution 
and very ancient, as fossil specimens 
have been found in amber. These active 
araneids are found usually on grasses, 

s L. Sambon, /fl. Tfopical Medurine, June, 
1824 ; ' * Observations and Besearches on the 
Epidemiology of Cancer made in Holland and 
Italy (May-September, 1925),' » Auguat, 1926; 
''Tropical and Subtropical Diseases," /oam. 
Medioiae and Eygiene, June, 1922. 

8 See "Progress Beport on the Investigation 
of Pellagra," Journal of Trap. Med* and Eyg., 
London, 1910. 


bushes or trees. They probably came to 
the camps from the neighboring small 
woods. 

Various insects have been mentioned 
as effective enemies of the bedbug, and 
their artificial introduction has been sug- 
gested as a possible means of control. 
Among these I may mention the common 
"kissing or assassin bug” (Opsicoetes 
personatus), the house cockroaches 
{Blatta orientalis and Blatella german- 
ica) and the house-ants, especially the 
tiny red ant {Monomorium pharaonis). 

Opsicoetes (Reduvius) personatus was 
well known to Linnaeus, who wrote 
"Consumit Cimices Lectularius huius 
larva, horrida personata.” With regard 
to the cockroach one writer says : 

Previous to our arrival here (St. Helena) in 
the Chanticleer, we had suffered great incon- 
venience from bedbugs, but the cockroaches no 
sooner made their appearance than the bugs 
entirely disappeared. The fact is that the cock- 
roach preys upon them and leaves no vestige or 
sign of where they have been. Bo that it is a 
most valuable insect. . . .8 

Concerning the little red ant, C. L. 
Marlatt, of the U. S. Department of 
Agriculture (1896), writes; 

Mr. Theo. Pergande, of this office, informs 
me that during the late war, when he was with 
the Union army, he occupied at one time bar- 
racks at Meridian, Mississippi, which had been 
abandoned by the southern troops some time 
before. The premises proved to be swarming 
with bedbugs; but very shortly afterwards the 
little red house ant discovered the presence of 
the bedbugs and came in enormous numbers, 
and Mr. Pergande witnessed the very interesting 
and pleasing sight of the bedbugs being dis- 
membered or carried away bodily by these very 
minute ants, many times smaller than the bed- 
bugs which they were handling so successfully. 
The result was that In a single day the bedbug 
nuisance was completely abated. And Mr. F. 0. 
M. Boggess from Florida heartily recommends 
the artifleial introduction of the ants to abate 
this bug nuisance. 

Assassin bugs, cockroaches and red 
ants can hardly be considered as practi- 
cal factors; Dr. Sambon says that they 
are as undesirable aa the b^bug itself. 

‘Poster’s “Voyage,” VoL I, p. 878. 
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But we can not say the same thing for 
the spider of the refugee camp, which is 
not poisonous. These spiders cleaned 
all the camps at Athens without any 
other expense. Therefore, I think that 
their artificial introduction, in military 
barracks, old houses and in some of the 
hotels of the Balkans, is to be recom- 
mended. 

The biological method of the control 
of injurious insects is well known and 
has been greatly exploited by the Ameri- 
cans during the last forty years, notably 
in the introduction of the Australian 
ladybird, Novius cardinalis, to destroy 
the fluted scale of the orange in Califor- 
nia. This method is followed to a some- 
what limited extent in America with 
other introduced pests, and has been 
adopted in Italy with success in certain 
instances. 

However, Americans were not the first 
to use such means for guarding against 
diseases. In reading, we find that our 
ancestors always used natural enemies 
as a precaution against different con- 
tagious diseases. 

Livy points out that in the year 293 
B.C, the Romans were afflicted by a 
plague. By advice of the Sibylline 
Books they sent an embassy to Epidau- 
rus to seek advice from the priests of 


Asclepius and to ask for a remedy for 
the disease. Upon its return the em- 
bassy brought to Rome a serpent, which 
the Romans received and worshiped as 
a god. The serpent swam from the 
boat to the island of Tiberius oppo- 
site the Capitol — ^the so-called sacred 
island where the Romans built a 
temple to this new god, and for 
many years thereafter people painted 
pictures of serpents upon their walls. 
What was the effect of the serpent in 
this instance of plague? Was it simply 
a question of the god who had brought 
about the end of the epidemic? Pro- 
fessor Sambon, pointing to this example 
to-day, believes that there are serpents 
which feed upon mice, the carriers of 
disease, and that through the destruc- 
tion of the mice the epidemic also is 
destroyed. A coin in Pergamum of 
Lucius Severus (161-169) supports this 
hypothesis. The coin was struck after a 
plague; it shows Asclepius holding a 
serpent in his right hand and a rat in 
his left. We find other analogies among 
the Egyptians, who worshiped the scarab 
because it destroyed worms, and the ibis 
which fed upon different snails in the 
Nile. They used to guard themselves 
from serious diseases, as the hookworm 
disease and the two Schistosomias. 



THE PROCESSION OF FOREIGN INSECT PESTS 

By Profeasor GLENN W. HERRICK 

COENILL UNIVERSITY 


The advent of the Mediterranean 
irmt‘&y{Ceratitis capitata) into Florida 
has brought home to the average man 
in a most forcible manner the serious 
menace inherent in the possible intro- 
duction of a foreign insect. Perhaps no 
insect pest ever imported into the United 
States, with the possible exception of the 
European com-borer {Pyrausta nubi- 
loZts), has exerted a more immediate ef- 
fect on the economic conditions of so 
large a body of citizens. It is only fair 
to the fly, however, to say that this ef- 
fect has not been produced by its own 
activities or through its own destructive- 
ness, but it has come rather as a result 
of measures of extermination and quar- 
antine instituted by man himself. It is 
worth while at this time to reflect upon 
the foreign insect population of this 
country — its procession in time, the be- 
havior of certain of its members and its 
relation to quarantine measures. 

From the days of the early colonists 
foreign insects have been coming into 
this country in a continuous, persistent 
procession apparently in spite of any 
measures taken to prevent them. The 
following list of the more common older 
pests and of some of the more recent 
ones that have come to us from foreign 
countries will show the continuity of the 
procession in point of time : 

Codling-moth (CdTpooapsa pomonell<t)f intro- 
duced prior to 1750. 

Heauan Aj (Phytophaga deatruotor)^ introduced 
about 1779. 

Pear piylla (Paylla pyrioola), introduced about 
1832. 

Imported elm-leaf beetle (Oaierwjella UUeola), 
introduced about 1884. 

Currant aawfly (PtaremdM ribeai), discovered 
in 1857. 

Imported cabbage worm (Powtia rapae), intro- 
duoed about 1860. 


Gypsi moth {Porthetria dijpor), introduced 
about 1869. 

San Joee scale {Aapidiotua pemioioaua), discov- 
ered in 1879. 

Larch case-borer (Colcophcra larioella), dis- 
covered in 1886. 

Mottled willow borer (Cryptorhynchua lapathi), 
discovered in 1887. 

Brown- tail moth (Euprootia ohryaorrhaa) , in- 
troduced between 1890 and 1893. 

Mexican cotton -boll weevil (Anthonomua 
grandia), introduced in 1892. 

Carrot rust fly (Paila raaae), discovered in 
1901. 

Alfalfa weevil (Phytonomua poatioua), discov- 
ered in 1904. 

European earwig (Forfioula anHcularia) , 1909. 

European pine-shoot moth (Evetria buoUana), 
introduced about 1914. 

Pine aawfly (Diprion aimilo)^ discovered in 1914. 

Japanese beetle (Popillia japonica), discovered 
in 1916. 

Oriental peach moth (Laapeyresia orientalis), 
discovered in 1916. 

European com-borer (Pyrausta mthilalia), dis- 
covered in 1916. 

Tropical fowl mite (Liponyaaua bursa), discov- 
ered in 1916. 

Banana-root borer (Coamopolitas aordidua), dis- 
covered in 1917, 

Pink cotton boU-worm (Pectinophora gossypi- 
ella), discovered in 1917. 

Apple and thorn skeletonizer (Hrmerophila pari- 
ana), discovered in 1917. 

Asiatic beetle (Anomala orientalis), discovered 
in 1920. 

Satin moth (StilpTtotia aaliois), discovered in 
1920. 

Camphor scale (Paeudaonidia duplex), discov- 
ered in 1920. 

Mexican bean beetle (Epilaohna oorrupta), dis- 
covered in the east in 1920. 

New oriental beetle (PaeudocneorThwaa aeto- 
aua), discovered in 1920. 

Australian tomato weevil (Liatroderua oh- 
Uquua), discovered in 1922. 

Oriental twilight beetle (Aaeriea oaatanea), 
discovered in 1921. 

Cabbage weevil (CeutorhyThohua aryami), dis- 
covered in 1928. 

Grape thripe (Drepanothripa rauteri), dlsoov- 
ered in 1927. 
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Mexican fmit-flj (Jnoitrapha ludeTis), disooT- 
ered in 1927. 

Mediterranean fruit-fly (Csratitis capitata), 
diieoYered on April 6, 1929. 

In pondering this list with its dates of 
introduction one can scarcely refrain 
from asking what the stiff quarantine 
regulations against the vegetable, fruit, 
cereal and other products of foreign 
countries instituted some fifteen or more 
years ago have accomplished in prevent- 
ing the introduction of undesirable in- 
sect visitors. No one can say. Perhaps 
dozens of unknown dangerous species 
have been kept out. Two things, how- 
ever, are certain: namely, that some of 
the more recent ones which ''got by are 
now among our most serious pests, and 
that it is, apparently, very easy for these 
small animals to enter our country. 


ing quarantine at Ellis Island or the 
fierce ways of the customs officers in New 
York and without saying "by your 
leave ' ' to anybody. She hadn 't counted, 
however, on meeting an entomologist 
who upset all her plans at once, for now 
her mortal remains repose on a small 
black pin in a special case in the writer's 
collection. 

The Migratory Behavior or Some 
Introduced Insects 

It is of considerable interest to ex- 
amine briefly the behavior of a few of 
these foreign insects after they become 
established in this country. The spread 
of the Mexican cotton-boll weevil is well 
known and in some respects is signifi- 
cant. A glance at the diagram will show 
that the weevil spread eastward over the 



Fig. 1. A diagram, showing the steady eastward migration of the cotton-boll weevil. 

Adapted from Hunter and Coad. 


On my return from Europe in the 
autumn of 1926 on the good ship Orca 
I was greatly interested to find on the 
dining table at breakfast one morning 
a fine lively female individual of the 
clover-leaf weevil, a European clover 
pest which, although it had come to us 
many years ago, was apparently enter- 
ing the country again. Whether this 
tiny weevil had climbed aboard at Cher- 
bourg, Prance, or at Southampton, En- 
gland, I had no means of knowing, but 
there she was, lively and happy, ready, 
no doubt, to disembark at the pier in 
New York without any worry concern- 


cotton belt, from its center of infestation 
in Texas, with an irresistible yearly 
progress despite any state or local quar- 
antine measures instituted against it. 
The significant aspect of this migration 
is that the weevil did not jump ahead 
and form isolated outbreaks here and 
there, but spread outward in uniform 
waves passing over all human obstacles. 

The map showing the spread of the 
Mexican bean beetle in the east after its 
jump into the middle of Alabama ex- 
hibits a similar, steady, irresistible wave- 
like migration from year to year without 
sporadic outbreaks in advance (Fig. 2). 
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Fio. 2. Map indicating the yearly spread of the Mexican bfjin beetle from its center 

IN Alabama. After N. Howard. 


The gradual migration of the Euro- 
pean com-borer from its centers of in- 
festation in New York and Canada pre- 
sents a similar behavior — with no 
sporadic outbreaks ahead of the general 
wave-like spread of the moth (Fig. 3). 

The Japanese beetle {PopilUa ja- 
porUca) is behaving in a similar manner, 
spreading outward from its original 
area in eastern Pennsylvania at about 
an annual average rate of from fifteen 
to twenty miles. It will probably travel 
somewhat faster as it gathers momentum 
during the coming years. 

A careful, thoughtful consideration of 
the migratory habits of such active 


winged forms as the foregoing species 
certainly moves one to question the justi- 
fication for the rigid quarantine mea- 
sures placed over the areas infested by 
such insects. These measures are always 
annoying, always sources of friction and 
in many cases cause serious losses, if not 
ruin to individual growers. Besides, 
the maintenance of the quarantines en- 
tails a heavy expense which, of course, 
falls as taxes upon the people whom they 
injure as well as upon those whom they 
are supposed to benefit. The problems 
connected with the introduction and dis- 
persion in tliis country of these imported 
pests should certainly be studied from 
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no. 3. Jup bhowinq the distribution op the European corn-borer as known November 
1, lf>26. The outside (darkly shaded area) indicates the sp read of the pest which is 

BELIEVED TO HAVE OCCURRED DURINO THE SUMMER OF 1926. (INFESTED AREA IN NbW ENOLAND 

not shown,) After Oaffrey and Wobthaler, 

all angles and attacked in a broad, con- justifiable, and every honest successful 
Btructive manner helpful to all the in- nururyman recognizes the advantage* 
terests involved as far as possible. to his business of growing and distnbut- 

There is, however, another ^ius of in- ing clean stock, 
sects which demands further considers- California has probably been the most 
tion. I refer to those which are fixed to active state in the union in maintaining 
some host plant during the greater part rigid quarantine measures against the 
of their lives and are practically re- introduction of foreign insect peSts. 
stricted in their migratory movements Moreover, die has probably obtained the 
to the wanderings of their hosta The greatest success in excluding these un- 
scale insects are the most important welcome guests not because her offlcials 
members of this group and perhaps the have been wiser, more active or more effl- 
San Jose scale is the most notable ex- cient than the offlcials of other states but 
ample. The San Jose scale has un- rather because of her advmtageous situ- 
doubtedly been carried around the world ation. California constitutes a own- 
on its host plants in commercial ship- paratively narrow strip of land cxtend- 
ments of nursery stock. It jumped from ing north and south and bordered on the 
California to Missouri end thence to the west by a great water barrier and on the 
eastern seaboard, probably on plum east by an almost impassable land bar- 
stock shipped from (me nursery to an- rier of desert and hi^ mountains. Such 
other. From these early centers of in- a situation constitutes an ideal area for 
f estation the insect has been carried all protection against foreign insect foes be- 
over this country on infested nursery cause it is feasible guatd nether 
stock. Reasonable quarantine and in- foctiv^ly tha few points of entiy into the 
spection measures institatedAir nursery state, namely, the few se^tts 
d<o<A eeem to, me to be wise, aaite and Pasific oowrt and tiie fear psiiei tnWU)|h 
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the desert and mountains on the east. 
Even with 1heH(‘ advantap:es (California 
has not altoji:ether escaped her foreign 
foes and can not hope to remain un- 
touched in the future, althouf^h liei* 
invasions will come m()i'(‘ slowly but 
scarcely the less surely. 

The Mediterranean friiit-Hy lias em- 
phasized the whole probhnn of the in- 
vasion of our count ly by l‘oreisi:n pests 
and has raised iiiany i)uzzlinf»' (|uestions 
concerning: methods of dealin*^ with so 
serious a truest . Any statements the 
writer may mak(‘ rej?ardinK' thi.s insect 
are made with j>reat hesitation, because 
we do not hav(* extensive knowledge of 
the habits and activities of the fly and 
can only guess at its future behavior in 
this count ly. Sornt* ])has(‘s, how(*ver, of 
its activities as a pest of fruits in Euro])e 
and in the JIawaiian Isbuids liave been 
described in some detail by do])endable 
observers. 

In the J\ledit(‘rranean coinitries in 
which the fly is present the principal 
citrus fruits are being produced appar- 
ently in paying quantities. Tn South 
Africa the fly is not considered a serious 
pest of citrus fruits. It is, however, 
very injurious to deciduous fruits, par- 
ticularly peaches and apricots, but can 
apparently be controlled on these fruits 
by using a poison bait if tlie wild host 
fruits in the vicinity are destroyed. In 
Hawaii the fly is a serious i)est, particu- 
larly in villages, but the conditions in 
those islands arc peculiarly and most 
favorably suited to the development and 
multi])lication of the insect. Compar- 
able eonditioiis are scarcely to be found 
anywhere in this country. 

Again, the lemon is i)ractically im- 
mune to the attacks of the fly. The 
orange is more subject to the egg-laying 
of the fly but does not appear to be seri- 
ously infested by the maggots in the 
pulp if the fruits are not allowed to re- 
main on the tree until they become over- 
ripe. Investigators speak of the won- 


derful resistant ])ower of the oranges to 
fruit-fly attack.” The sour orange ap- 
pears more susceptible than the sweet 
ones. (_{ra])(‘ fruit are also “])articu- 
larly resistant to attack up to the time 
when they are fit for table use.” These 
statements regarding lemons, oranges 
and gra[)efruit are founded on studies 
of the fly made by careful investigators 
in Hawaii where the conditions arc par- 
tieiilaily favorable for the insect. 

On the other hand, the fly, under some 
conditions at Ji'ast, is a most serious ])est 
of other fruits, especially of peaelies, 
])lums, pc^ars and ap])les wlien these 
fi'uits ar(‘ grown in warm or siibtro])ieal 
climates. Apr()])os of this jdiase of the 
aetiviti(‘S of the fly the following quo- 
tation from well-known entomologists 
who liav(‘ been in intimate contact with 
the fly is of great intc'rest. 

At ">0^ F, little if any (Irvolop incut takes 
place, ainl I’lee/.ing temperatures cun be witli- 
stixal succ<‘ssfully only for short periods. Ac- 
cumulated data indicate that the Mediterranean 
f l uit fly will not become a serious pest in cli 
mates where the mean temperature is below 
50° F., dui’iijj» jieriods coveiing tliree months 
of the year. 

In the light of this statement it is im- 
jiortatit to examine the mean tempera- 
tures of Georgia, the first great peach- 
growing territory north of Florida. A 
cursory examination of tlu* temperatures 
for the middle section of (jleorgia includ- 
ing the [)cach-growing area about Fort 
Valley shows that the normal mean tem- 
perature for December is about 45" F., 
for January about 44® F. and for, Feb- 
ruary about 45° F. Moreover, the 
minimum temperatures for this region 
during Deeeml>er, 190'8, for example, 
varied from 24° to 31° P., during Janu- 
ary from 11° to 25° F., while during 
February they varied from 15° to 23° 
P. Thus over most of the middle sec- 
tion of Georgia the normal mean tem- 
perature is well below 50° F. and there 
seem to be freezing temperatures at vary- 
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ing intervals during at least three months 
of the year. Judging from the meager 
data at hand it would appear that the fly 
would be killed during the winter in the 
middle and northern parts of Georgia 
and in order to infest the ixvieli crop of 
any particular year would have to re- 
enter* the state from centers of infesta- 
tion farther south. It is j)crtinent to 
inquire whether the fly when subject to 
extermiination once a year in a given 
region could ever become a ])est of prime 
importance in that region. 

One more quotation from the investi- 
gators who were quoted above i.s worthy 


of consideration. The studies of these 
men in the Hawaiian Islands lead them 
to make the following comment: 

While TTawaiian conditions are unfavorable 
to the use of poison sprays, the work of the 
writer.^ has convinced them that tliese sprays 
can bo employed as succe.ssfully in combating 
this pest in commorcinl orchards of California 
and of the southern states, should they over be- 
como infested, as in Africa and Australia. 

This is a most hopeful statement and 
from my experience in combating the 
cherry and apple fruit-flies, close rela- 
tives of the Mediterranean fly, I believe 
it is a sane and reasonable one. 



THE DISCOVERY OF A NEW ANTHROPOID 
APE IN SOUTH AMERICA? 

By Dr. FRANCIS M. ASHLEY-MONTAGU 

THE IlOYAL ANTHROrOl/jOlCAl. INSTITUTE OF OKEAT BRITAIN AND IRELAND 


The discovery of new monkeys or 
apes, apart from their importance, is 
always of the greatest interest. Not 
alone do such discoveries provide sys- 
tematists, anthropologists and other sci- 
entists concerned with the study of the 
Primates — the order ol‘ mammals to 
which man belongs — with much pleasur- 
able labor, but that great public which 
is interested in the past and future evo- 
lution of man, and which attentively fol- 
lows the newest devidopments in the 
fields of spiritual and physical human- 
ism, is ever stirred to the most wholesome 
enthusiasm on such occasions. 

On the eleventh of March, 1929, Dr. 
George Montandon, of the Musfium 
National d’Histoirc Naturelle, Paris (a 
well-known anthropologist, and the au- 
thor of an ingenious theory, the Ologenic 
theory of anthropogenesis, which holds 
that the anthropoids and man originated 
independently over the whole of the 
earth), announced to the sidentific world 
the discovery of a new and hitherto un- 
known anthrox^oid ape.’ This announce- 
ment in itself was sufficient to engender 
the liveliest interest among scientists. 
When, however, it was leanied that this 
ape was discovered in South America, a 
continent in which anthropoids were 
hitherto completely unknown and in 
which it was considered extremely un- 
likely that they should exist, the find 
took on the dimensions of an epoch- 
making discovery. 

Dr. Francis de Loys, the discoverer ot 
this Primate, and Dr. George Montan- 
don, who was entrusted with the task of 
presenting the facts to the scientific 

I C&mptea Bendns d«9 Stance® de L'Acaddmie 
des Seietioea, March 11, 1929. 


world, have been kind enough to send 
me, the material upon which this paper 
is based, and I wish here to express my 
cordial thanks to them. The facts arc 
as follows. 

Dr. de Loys, a geologist, was exploring 
in the neighborhood of the Tarra River, 
an affluent of tin* Rio Catatumbo, in the 
Motilones districts of Venezuela and Co- 
lombia, at a bend of a western minor 
affluent of the Tarra River, when two 
huge monkeys, one male, the other 
female, suddenly broke out upon the ex- 
ploring party, which was then at rest. 
Owing to the violence of their attitude, 
the animals had to be received at the 
point of the rifle. One of the two was 
instantly shot dead at very close range, 
the other, which was unfortunately 
wounded, managed to get away in the 
thick growth of the jungle and make 
good its escape. 

The dead animal, which was found 
to be an adult female, was immediately 
act up on a box and photographed, cer- 
tain measurements were then taken, the 
animal was skinned and its bones 
cleaned. The subsequent hardships en- 
countered by the party on their long and 
hazardous journey across the forest un- 
fortunately ])revented the final preser- 
vation of either the skin or the bones. 

When measured, the height of the ani- 
mal was found to be 157 ems (approxi- 
mately five feet two inches), and its 
weight was roughly estimated to be 
somewhat over eight stone (say 115 
pounds). The body, which was entirely 
covered with a thick coat of coarse, long, 
grayish-brown hair, was, according to 
Dr. de Loys, entirely devoid of any 
trace of a tail. “The jaw, carefully 
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FIG. 1. THE ANIMAL IMMEDIATELY AFTER IT HAD BEEN SHOT 


examined, revealed the presence of 
thirty-two teeth only, without on the 
back portion of the mandible, any pro- 
tuberances hinting at the possibility of a 
greater number of embryonic molar 
teeth. ’ 

All these features, “size, absence of 
tail, number of teeth and ground habits, 
together with the strongly .humanoid 
aNi)ect of the face and the ruggedness of 
the build,” lead Dr. de Loys to believe 
that this creature is a hitherto unknown 
anthropoid ape. 

The two photographs which I am here 
able to reproduce by the courtesy of Dr. 
de Tioys should convey a good idea of the 
creature. The object depending from 
the puberal region between the legs, and 
which looks like a male copulatory organ, 
is, in fact, the enormously enlarged cli- 
toris, which, possibly owing to a local 
hyperemia, corre8i)onding in the male to 

2 The Illustrated London News, June 15, 1929. 


a condition known as ])riapism, has been 
forced out of the vagina. Whatever its 
cause may be, it is none the less an ex- 
traordinary phenomenon. 

Careful inspection of these photo- 
graphs reveals the following facts : 

(1) The human-like rounded head pre- 
sents (a) a prominent forehead, and (h) 
there are no markedly overhanging 
brow-ridges; the nose is wide and pre- 
sents a broad septum between the out- 
wardly deflected nostrils — characters 
which are peculiar to the New World 
monkeys generally, and specifically to 
the genus Aides, 

It is a curious fact that none of the 
Old World monkeys and apes possesses 
a forehead as prominent as that found 
in many New World monkeys. The high 
forehead, which is so distinctively human 
a characteristic, is primarily what lends 
so human an appearance to the head of 
this creature, whose face is identical in 
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appearance with most species of the 
genus Aides. In no Old World monkey 
and in no ape, however, are the nostrils 
separated by a wide s(*ptum, nor are the 
nostrils so flaring and deflectc'd in an 
outward and ui)ward direction — this 
condition is peculiarly South American, 
there being only three New World gen- 
ei'a in which there is an api)roximation 
to the Old World arrangement of a nar- 
row septum and inwardly directed nos- 
trils, namely, Almiafta, Aotns and 
Bracliytelcs. 

(2) With the aid of a magnifying 
glass one may perceive that the thumb 
is a much reduced, naiM(‘ss tubercle, the 
merest excrescence iii)on the side of the 
hand. This is a charact(‘ris1ic which is 
specifically associated with Aides, for no 
other South Am(‘ri(‘an monkey i)ossesses 
so r(‘duced a thumb. None of the Old 
World monkeys and apes ]K)ssesses such 
a chai’acter; in only the Orang-Utan, in 
which the thumb is the most reduced but 
is quite large compaj'cd with this crea- 
ture’s, is the tliiimb oc^casionally lacking 
in a nail. It is clear enough from the 
pl)otogra[)h that this creature’s hands 
are adapted to an extreme arboreal ex- 
istence. 

(3) The feel are evidently of the 
quadi’upedal grasj)ing type, normally 
associated with a?i arboreal life. Doubt- 
lo.ss, this creature could support itself on 
its liind legs, but the structui*e of its foot 
renders it quite impossible that its ha- 
bitual gait is bipedal rather than quad- 
rupedal, or that it Kj)ends more time 
upon the ground than in the trees. This 
foot is identical in appearance with that 
of AteUs. 

(4) The fact that the body was en- 
tirely devoid of any truce of a tail (an 
appendage which is possessed by all 
South American monkeys) would cer- 
tainly convince us that we are hero 
dealing with a new species of monkey, 
but, unfortunately, we can not quite 
eliminate the possibility of this |)articu- 


lai* creature having lost its tail in early 
infancy, thus accounting for there not 
being even the “trace of a tail.” Mon- 
keys have often been known to bite off 
the tail of some other monkey, the males 
not infrccpiently injuring their young 
in this way. There arc, however, a num- 
ber of other ways in which it is possibh* 
to explain the loss of the caudal element 
in an>' monkey, but with them we need 
not eoneorn ourselves here. 

(5) Dr. de Loys is quite eonvineed 
that the jaw held only thirty-two teeth — 
a number associated with the Old World 
J'rimates and man only. Dr. de Uoys 
does not, however, give the formula for 
these tetdh. In the New World monkeys 

1 . M3, PM3, Cl, T2 , 

the lonnula ,, ,l,at 

is, three molars, tlirec i)remolars, one 
eanine and two iiieisors, for eaeh half 
of the jaw, in all, thirty-six teeth. The 
01(1 World monkeys have lost one ])re- 
moJar in each half of the jaw, thus th(^y 
possess thirty-two teeth only. If the 
eiTature we are here dealing with has 
lost a })remolar, is it not curious that Dr. 
de Ijoys should have looked for it on the 
back i)ortion of the mandible, where only 
the true molars grow? The bare state- 
rmmt that the jaw held only thirty-two 
teeth convoys very little to us, for such a 
statement may moan either tliat there 
wer(‘ on].y two premolars, or that there 
were three preinolars and two molars 
(the third' having fail('d to (uaipt, or to 
develop), and how axe we to decide 
whi(»h is true? The latter condition is 
the most unlikely one, so that wc must 
j)rovisionalJy accept the former as the 
true one. 

(6) As far as the stature is concerned, 
I am not aware of any South American 
monkey which reaches a height of more 
than 90 ems (three feet), although this 


height may conceivably be exceeded in 
some cases. Certain it is that the height 
of five feet two inches and the weight of 
115 pounds of this monkey are quite un- 
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FIG. 2. ENLAKGEMENT OF THE HEAD 


known in any South American monkey. 
Nor would it appear from an examina- 
tion of llie photographs that these 
features are due to any anomalous or 
pathological causes, although such a pos- 
sibility can not be altogether eliminated. 
Assuming, however, that there docs exist 
a species of monkey of which that fig- 
ured here is a normal representative 
in the matter of height and weight, it 
becojmes certain that we are here deal- 
ing with at least a new subspecies of 
monkey. 


The only characters, then, which dis- 
tinguish this creature from all other 
South American monkeys are (1) the 
absence of a tail, (2) the presence of only 
thirty-two teeth, (3) its height and 
weight. The number of teeth alone is a 
character sufficient to justify the crea- 
tion of a new genus to receive this ani- 
mal ; the absence of a tail, and the height 
and weight present ancillary reasons for 
such a procedure but these features are 
quite insufficient to justify the appella- 
tion of Anthropoid which has been ap- 
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plied to it by Dr. MontHiidoii. Dr. 
Moritandon creates a new ^enus (as he 
calls it, but which is really a new sub- 
family), Anier-anthropoides, eomprisinj' 
the single species (Loys-i), whilst re- 
serving the possibility, however, of 
this being a new species of the g<‘nns 
A teles. 

Now exceptional weight and height 
can at best be regarded as subspeeific 
characters. The absenee of a tail in any 
New Wo)’]d monkey would endow it with 
specific, but not with generic rank, whilst 
tlie loss of a i)remo]ar would serve to 
s(‘f)arate it from all other New World 
Primates. Neither taillcssness nor the 
loss of a i)remolar would, however, dis- 
tinguish this crccatuie, in these* respects, 
from those monkeys of the eastern hemi- 
sphere whieh luck tails. Since, as far as 
we know, no Old World monkey attains 
a height of 175 ems nor a weight of 115 
pounds, it seems that Dr. Mont andon has 
seen in this (on the basis of its toilless- 
ness and its dentition), an adequate rea- 
son for (‘iidowing this creature with the 
rank of an antliropoid. That is to say, 
he has convei'ted a subspecific into a 
generic character having a sub-family 
rank, a procedure which is quite un- 
justified by the facts, and contrary to 
any natural system of classification. 

The mo.st, T think, we can say of this 
creature is that it is a new genus of mon- 


key, ])ossibly ail aberrant type, but at 
any rate, a close relative to Ateles. 

It is to be deeply regretted that Dr. de 
Loys was unable to make a number of 
photographic records of the skull and 
other bones; doubtless he little thought 
of the contingency of losing the actual 
bones. If a photograph had been made 
in thi.s case of the skull and the teeth 
alone, we would have been saved a con- 
siderable amount of trouble in speculat- 
ing about the po.ssibility of this being a 
new genus of monkey or not; as it is, 
we have only the observation of Dr. de 
Loys to rely ujion, which, even if he were 
the most accomplished observer in Ihe 
world, is not sulllcient to satisfy scien- 
tific standards of accuracy. 

It has ever been the custom to deride 
Iho new discovery of apes — the classic 
case of Du Chaillu and the gorilla is yet 
fresh within living memory (1859-65)), 
whilst the story of the acrimonious bat- 
tles whicii have raged over the discovery 
of ihe remains of extinct races of man is 
too well known to require any amplifica- 
tion liore. Let us here bear these events 
in mind, and endeavor not to commit a 
like injustice; let us also, however, be 
cautious, lest in our anxiety to be just 
we grant too much, and say, until fur- 
ther real evidence is forthcoming, the 
only attitude to adopt in this matter is 
that of suspended judgment. 
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DR. WUXIAM H. WELCH 



THE PROGRESS OF SCIENCE 


THE WILLIAM H. WELCH MEDICAL LIBRARY AND THE DEPARTMENT 

OF THE HISTORY OF MEDICINE OF THE JOHNS HOPKINS UNIVERSITY 

On Thursday and Friday, October tioii of the now school of hygiene and 
17 and 18, the William II. Welch Medi- j)iiblic health, made possible to the Johns 
cal Library and the new Department of Hopkins University by the j^enerosily of 
the History of Medicine of the Johns the (leneral Education Board. At the 
H()f)kins University will be opened with same time Dr. Welch was busily en^af?ed 
appropriate exercises. Both the Welch in the United States Army, as a member 
Medical Library and the De])artment of of its medical corps. In 1926 Dr. 
the History of Medicine have been under Welch resi^nc^d from the directorship of 
consideration by th(‘ Johns IIo])kins the school of hygiene and public health 
University for some years and their es- to become professoT- of the history of 
tablishment may be said to mark the medicine in the medical school, his place 
fulfillment of plans made with the o])en- as director being filled by the present 
iiig of the Johns Hopkins Hospital and incumbent, Dr. W. H. Howell. This 
School of Medicine. At that time a i)rofessnrshi]) in the history of medicine 
historical club was organized, chiefly is the first full-time professorship in this 
through the activity and interest of Dr. subject in America, and there are but 
Welcli and Dr. Osier, ably second(*d by two or three completely endowed insti- 
Dr. Kelly and Dr. Halstead. Fi-om time tiites of medical history in Europe. The 
to time lectures on the history of medi- tJohns Hopkins University is indeed for- 
cine were given in the medical school but tunate in securing Dr. Welch for this 
the historical club continued for many post, since lie combines in an unusual 
years ns the chief center of interest for degree a complete training in the inedi- 
those to whom the historical aspect of cal sciences with u profound knowledge 
medicine es[)ecially a})f)ealed. The final of their history, 

establishment of the Department of the About tin* time that tlie professorshij) 
History of Medicine, however, is closely in the history of medicine was estab- 
bound up with the career of Dr. Welch, lished, the necessary funds were secured 
jL^alled from Bellevue Hospital Medical from the General Education Board and 
(/ollege in 1884 to become Baxley pro^ from unnamed and generous donors for 
fessor of pathology in the Johns Hof)- the construction and endowment of a 
kina University, after a distinguished medical library to house the collections 
career in New York City, Dr. Welch or- oP books and journals in the libraries of 
ganized a modern institute of pathology the Johns Hopkins Hospital, School of 
in Baltimore in >vhich numerous talented Medicine and School of Hygiene and 
young men and women have been trained Public Health. Very appropriately this 
in pathological anatomy and in bacteri- medical library lias been named after 
ology, especially in the bacteriology of Dr. Welch who has been so long identi- 
the infectious diseases. In 1916 Dr. tied with the three institutions which it 
Welch retired from the chair of pathol- will serve. Mr. E. L. Tilton, of New 
ogy, his successor being one of his own York, an authority on the architecture 
pupils, Dr. W. G. MaeCullum, professor of libraries, was asked to plan thelibrar>^ 
of pathology in Columbia University, building which was completed in Novem- 
New York, and undertook the orgauiza- ber, 1928, the three constituent libraries 
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THE WILIJAM H. WELCH MEBK^AL LIBRARY 


boirifr tJ’ansfern'd to it within a short 
time. The Weleh Library building 
merits somewhat more extended notice 
than is here possible. In brief, it con- 
sists of three floors of which the ground 
floor is devoted to the offices of the li- 
brary personnel and to rooms for cata- 
loguing and binding books. On the 
second floor is a large corridor in the 
center with a reading room at one end 
and a reception hall, the Great Hall as 
it will be called, at the other. The read- 
ing room is large enough to accommo- 
date about a hundred readers and con- 
nects directly with the stacks. The 
Great Hall is especially designed for re- 
ceptions and conferences. The decora- 
tions of this room have been executed by 
Mr. Lascari, of New York, and in it has 
been placed Sargent’s portrait of the 
four doctors, Dr. Welch, Dr. Osier, Dr. 
Halstead and Dr. Kelly, which has 
hitherto been hung in Gilman Hall at 
Homewood. On the third floor are about 


a dozen rooms for the Dei)artment of the 
History of Medicine, offices, lecture 
rooms, conference rooms and a number 
of small studies for members of the staff. 
The back part of the building contains 
the stacks for books, eight tiers in height, 
with a large number of small cubicles 
for individual workers. The stacks are 
large enough to hold several hundred 
thousand volumes and are of course at 
present only partially occupied. The 
hospital library, which was begun with 
the opening of the hospital, contained 
about 25,000 books and journals, dealing 
chiefly with the clinical branches of 
medicine, the library of the school of 
medicine, about 15,000 volumes, dealing 
principally with the underlying medical 
sciences and the library of the school of 
hygiene about 10,000 books concerning 
hygiene and public health. In addition 
to these 50,000 volumes are a consider- 
able number of special collections which 
have been presented to the library by its 
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friends and which will gradually be 
anmigamatod with it. Among these con- 
tributors may be mentioned especially 
Dr. Kelly and Dr. Young who have 
dojiated a number of rare and valuable 
books dealing with medical history. The 
libi'aries of the lat(' J3r. Halstead and the 
late Dr. Hurd have also been be(^ueathcd 
to the university and will be cared for 
in the Welcli Library. Finally, Dr. 
Welch spent a long period of time 
abroad, while the library building was 
undt'r construction, gathering books in 
medical history from various .sources in 
Europe, especially in London, Paris 
and Amsterdam. The library starts, 
therefore, with well over To, ()()() vol- 
umes and it is anticipated that several 
thousand accessions will be made each 
year. 

On Thursday the Welch Medical Li- 
brary will be formally dedicated at 11 
o’clock at which time it is expected that 
Dr. llarvcy Cushing, of Harvard Uni- 
versity, will make the principal address. 


The afternoon will be given up to a con- 
ference on medical libraries and in the 
evening there will be a large public re- 
ception for the inspection of the library 
building. On Friday the Department 
oi* the History of Medicine will be inau- 
gurated. Dr. Welch will i)rcside and 
outline his plans for the organization 
and development of the department. 
The address on this occasion will be 
given by Professor Karl SudhoflP, of the 
University of Leipzig. The afternoon 
will be devoted to a conference on the 
history of medicine and to an exhibition 
of the Harvt‘y Tercentenary Film. Fri- 
day evening will be reservt'd for private 
entertainments and dinners. It is hoped 
that many of the giaduates of the uni- 
v(*rsity, former house officers of the hos- 
[)ital and the numerous friends of Dr. 
Welch will make the dedication of the 
library named in his honor and the inau- 
guration of this new department in th(' 
university wliieh he will head, the occa- 
sion of a visit to Baltimore. 


THE PHYSIOLOGICAL EFFECTS OF SUPER-SONIC WAVES 


A “death whisper,” which causes 
matter within living cells to whirl to 
destruction without injuring the cell 
walls, has been produced in experi- 
ments conducted jointly by Dr. P]. New- 
ton Harvey, professor of physiology at 
Princeton University, and Alfred E. 
Loomis, of the Loomis Laboratory, of 
Tuxedo Park, N. Y. This dance of 
death within the cell is caused by super- 
sonic waves which oscillate twenty times 
as rapidly as those which can bo heard 
by the human ear. 

Chloroplasts within the cells of living 
plants are forced from their usual posi- 
tions by these super-sonic waves and are 
driven at high speed in miniature whirl- 
pools about the center of the cell. 

Under a high-power microscope it is 
possible to follow the progressive de- 


struction of blood corpuscles of a frog. 
The oval cells at first become warped 
and twisted. Strained areas appear and 
the color fades, leaving a pale distorted 
shadow. Human corpuscles are likewise 
twisted and sometimes broken up into 
many small globules, like an emulsion 
of oil. 

The super-sonic waves are produced 
by a miniature radio broadcasting ap- 
paratus which causes a quartz crystal 
to vibrate. The apparatus is operated 
on 110 volt alternating current and 
employs a 75-watt tube with two small 
transformers. The apparatus has been 
so devised that the quartz crystal, the 
producer of the super-sonic waves, can 
be placed on the stage of a microscope 
with the specimen to be studied above 
it in the direct path of the waves. In 
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this way it has been possible for the 
first time to examine the effect of the 
'‘death whisper upon microscopic cells. 
By governing the intensity of the waves, 
the whirling or mixing of the matter 
within the cells can be accurately con- 
trolled. 

Professor Harvey, who has been work- 
ing for a number of years as well upon 
the production of “cold light,” refused 
to predict what effect the study of the 
properties of super-sonic waves might 
have upon the medical science of the 
future. At present experiments are be- 
ing conducted to find out what effect 
the mixing of organ-forming substances 
within tlie eggs of marine life will have 
upon the young which develop from 
them. 

The microscjopic method is said by Dr. 
Harvey to offer a promising means of 
attack upon the problem of influencing 
the development of eggs of various spe- 
cies, as forces can thus be applied inside 


an egg at different stages of its develop- 
ment without the necessity of punctur- 
ing the cell wall or enveloping mem- 
brane. The results suggest the interest- 
ing possibility of converting an egg with 
determinate cleavage into an indeter- 
minate one by thoroughly mixing and 
redistributing the organ-forming sub- 
stances of its interior. He is now en- 
gaged upon this and allied problems. 
No effects of the waves have been noted 
that could be clearly traced to an in- 
fluence on chemical processes in cells. 
The phenomcuia in living organisms, 
af)art from t<miporature rise, are con- 
nected with mechanical effects, the most 
striking of which might be best de- 
scribed as “intracellular stirring.” 

Mr. Loomis, who is a physicist, per- 
fected the new microscopic apparatus 
for the production of the super-sonic 
waves, while Dr. Harvey has been study- 
ing the effect of them upon cells from the 
physiological standpoint. 


EFFECT OF ACTIVITY AND FOOD ON BLOOD CONSTITUENTS 


That food, especially protein food, 
causes an increase in the number of 
leucocytes in the (drculating blood has 
been quite generally accepted as a fact 
since first reported by Moleschott in 
1854. In the 1927 edition of Dorland’s 
‘tMedical Dictionary” it is stated that 
leucocy tosis ‘ ‘ occurs normally during 
digestion.” In view of these circum- 
stances the recent work of Dr. Walter 
E. Garrey, professor of physiology at the 
Vanderbilt University School of Medi- 
cine, is of especial interest. In his ex- 
l)eriments he finds that even a meal se- 
lected particularly for its high protein 
content causes no alteration in the num- 
ber of white blood cells in the circula- 
tory system^ He believes that other 
opinions in this matter fall short of 
proof because the conditions under 
which the leucocyte counts were made 
fail to exclude the effects of factors 


which in his experience cause continuous 
variations in the number of circulating 
leucocytes. These variations bcc.omc 
evident when sucees.sive counts are 
made ; they may amount to several hun- 
dred i)er cent, depending upon the ac- 
tivity of the subject. The more careful 
the technique, the more certainly will 
these variations appear and reflect the 
physiological activity of the individual. 
They disappear, however, if the subject 
is placed in a recumbent posture and 
remains physically and mentally in a 
condition of rest. Furthermore, in 
about an hour of this recumbent rest the 
leucocyte count will have fallen to its 
lowest physiological level, a level which 
is practically as low as that before rising 
from a night’s sleep. This level is main- 
tained with surprising constancy and is 
referred to as the hasal level, and in 
general is between 5,000 and 6,000 leuco- 
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eytes per cubic millimeter ol' blood. 
This is in striking contrast to the activ- 
ity level of 9,000 or 10,000 usually 
found in laboratory workers or other in- 
dividuals ffoinji: about their ordinary 
activities. 

The ‘‘basal level,” then, is a condition 
with which one may compare other states 
and by this reference determine the ef- 
fects of any single variable which may 
affect tlie lein^oeyte count. Dr. Ourrey 
finds that his extensive data indicate 
conclusively that the ordinaiy morning 
meal had no apparent eff(‘(‘t upon the 
activity level of subjects when they pre- 
sented themselves at the laboratory, but 
more significant was the fact that when 
these subjects assumed the recumbent 
posture th(' leucocyte count dropped ac- 
cording to rule and the basal level for 
the individual was reached in Jipproxi- 
mately an hour, ami remained at this 
low ](*vel without variation for several 
hours })rovided the subject remained un- 
disturbed ; there was no rise after two or 
three hours, i.c., there was no evidence 
of a digestive hmcocytosis. In like 
manner a second mid-day meal in no 
way affected tin* return of the leucocyte 
count to the low basal level. 

If one subject is given a heavy meal 
and the other goes entirely witlbout food, 
the twn show exactly the same variations 
of form if the individuals act in the siime 
way, e.g., lie down at the same time and 
rise for the ordinary activities of the day 
simultaneously. There is evidently no 
difference in level attributable to food. 


What Dr. (larrey believes to be cru- 
cial experiments were conducted in the 
following way. Subjects, without break- 
fast, came into the laboratory. The first 
leucocyte counts showed the high activ- 
ity level of about 9,000. The individuals 
then lay down and leucocyte counts were 
made every fifteen minutes for several 
hours. Within an hour the count was 
between 5,000 and 6,000 and the subject 
was then fed, in one series a proteiji 
meal, in anothoj* a carbohydrate meal of 
pancakes and syrup. Proteins are sup- 
posed to be es[)ecially ])o1ent in causing 
digestive leucocytosis and the subjects 
received two ])ounds of beefsteak, four 
eggs and two slices of toasted bread 
without fluid. In no single instance 
was there evidence of the slightest in- 
crease or variation in the number of cir- 
culating leucocytes, although the counts 
were continued for as much as four 
hours. If, however, the subjects for any 
reason assumed the erect posture there 
was an immediate increase duci to pos- 
tural change and ac'tivity, but upon as- 
suming the recumbent posture the count 
fell again to the basal level within an 
hour. 

Dr. Garrcy concludes that there is no 
true digestive leucocytosis, and that the 
variations that have often been reported 
must be attributed to other forms of 
phy.siological activity which cause a 
vascular shift resulting in a redistribu- 
tion of the blood and of the leucocytes 
already in the circulatory system. 
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The science of ic>e engineering has as 
its object the control of ice formations 
in rivers and lakes, and the jirevention 
or removal of ice jams; the assistance of 
winter navigation; the eontrol of snow 
and f]()st when and where desired; the 
assistance in the winter operation of 
power lumses; the opening of channels 
through pen-stocks or power canals, and, 
in fact, to consider means by which all 
ice troubles may be better understood 
and finally solved. 

The tremendous cost of icc and snow 
to this country may be summarized as 
follows : ice jams with disastrous flood- 
ing; shutting down and crippling of 
power plants; closing of canals and river 
systems in the north; delays caused by 
the snow and ice in the operation of rail- 
ways, motor cars and aeroplanes, and the 
destruction of telephone and telegraph 
lines from sleet and snow, etc. To save 
even a small fraction of the loss in these 
instances would result in many millions 
of dollars and certainly justifies the at- 
tention and study which may be devoted 
to it. For the past thirty-five years it 
has been the writer’s contention that a 
proper scientific study of ice would re- 
sult in a method for overcoming and 
minimizing the disadvantages to all 
northern countries. As the population 
increases it becomes more and more im- 
portant to consider these questions, since 
the full development of the northern 
areas of the world must depend upon the 


proper control of ice conditions. While 
we do not see, at present, any means of 
altering the climate of the world, we can, 
by understanding nature’s method of ice 
control, find means for relieving and 
tempering these facts. 

In order to obtain an idea of the fun- 
damental principles of this new science, 
it is necessary to consider briefly some- 
thing of the constitution of water and 
the nature of ice. Rontgen in 1894 was 
the first to point out that the physical 
properties of water indicated that it 
contains icc in solution. It was not 
until the studies of Sutherland, pub- 
lished in 1910, that a working theory 
was established showing that the proper- 
ties of water could be interpreted by as- 
suming that the pure substance known 
to the chemists as HjO could exist only 
in the fonn of dry steam or vapor ; that 
liquid water was a double molecule or 
and that ice was a triple mole- 
cule (H 20 )a, which forms at once as an 
associative product. Water, then, must 
be regarded as the mixture of two 
liquids, the proportions of either de- 
pending on the temperature. 

As the chemist uses very freely 
as a symbol of Water, or hydrogen oxide, 
for international convenience Suther- 
land gave names to these associated 
molecules. The simple molecule was 
called hydrol ; the double molecule, 
dihydrol, apd the triple molecule, tri- 
hydrol. Dry steam is, therefore, pure 
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hydro]; ice is pure trihydrol, and water 
as we ordinarily know it is a mixture of 
dihydrol and triliydrol. 

Evidence of the theory of the consti- 
tution of water is liad from the studies 
of the density of wafer, oiJtical behavior, 
s])ecifi(* heat and viscosity. Ice in its 
solid form has a density of ().0J66, and 
if it could melt and expand without dis- 
sociation like a metal, the density of the 
liquid ice at O'" C. ought to be about 
0.88. Suth(‘rland cahuilates the vary- 
ing j>ro|)ortions of one ingredient wnth 
the other resulting as follows: 
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At the critical temperature, which is 
about 368® C., water must consist of 
nearly pure dihydrol, or, in other words, 
the ice in solution nearly disappears at 
the critical temperature. It seems evi- 
dent that the melting-point of icc is not 
a true physical melting-point but a tem- 
perature of dissociation unlike the X)hys- 
ical melting-point of other materials. 

Colloidal Ice 

In considering water as a colloidal 
solution of ice, there is no microscopic 
evidence to show colloidal ice particles 
in water at temperatures above the 
freezing-point. At the freezing-point, 
however, the colloidal particles of ieo 
form complex groui)S of sufficiently 
large dimensions to be distinguished 
under the microscope. When a fall of 
temperature takes place, even the small- , 
est fraction of a degree below the freez- 
ing-point, the exceedingly viscous par- 
ticles of colloidal ice rapidly agglomerate 
and pass to the true ice crystal. 

Microscopic photographs of ice par- 
ticles as they precipitate from the water 
show that they arc disk-shaped and 
devoid of crystalline form. The par- 


ticles, if undisturbed, grow into a form 
similar to a snow crystal. Various 
fonns of ice are met with in nature, all 
of which have their explanation in this 
colloidal theory. 

Frazil Iitc 

In all running streams of open water- 
courses the most trouble.some form of i(;e 
is known as ‘‘frazil.’^ To the water- 
j)Owcr operator it is exceedingly trouble- 
some. With the first cold weather in 
the autumn when the watei* eomes to the 
freezing-point there is often a very large 
and sudden formation of frazil. The 
exjjlaiialion of this is exceedingly simple 
wlien we realize that the entire body of 
the stream is nearly 40 per cent, col- 
loidal ice before freezing and coagula- 
tion takes place, Mdien the temperature 
of the watc^r has dropped a f(‘w thou- 
sandths of a degree. This mass of ieo 
rapidly coagulates into streamers and 
subsequently into lumps and large clots 
w]ii(di are carried in the current to great 
distances. So abundant is this forma- 
tion that within a few minutes the whole 
stream may appear to be loaded with 
sand. During this time of supercooling 
these clotted masses of colloidal ice grow 
rapidly and freeze to any object with 
which they come in contact. 

So delicate is this balance of tempera- 
ture which determines the sticking prop- 
erties of this ice that a change of a thou- 
sandth of a degree is sufficient to pre- 
vent the formation or facilitate the 
gniwth of this ice. This delicate balanc- 
ing of the forces of nature is easily ex- 
plained when we understand the true 
nature of the water structure and that 
the freezing-point of water represents a 
chemical change rather than a physical 
one. 

During the processes of formation the 
streamers and curtains of frazil ice form 
throughout the whole body of the water 
as fog i.s formed in air. It occurs with 
the same suddenness as fog and it very 
closely resembles it. It is dispelled 
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almost instantanooHsly by the li^<ht of 
the sun and becomes very sensitive to 
small temperature chaiigos in the water. 

The light of the sun produces a direct 
action on the ice jiailicles as well as an 
indirect action on them by warming the 
water. There are two ways that the 
frazil fog can be dispelled : one is 
through this direct action of radiant 
energy destroying the agglomerating 
projierties of these colloiding ice par- 
ticles; and, second, there is the action 
of tlie lieat in warming the water, ele- 
vating the temperature, and thereby 
mechanically acting on the particles of 
ice by melting them. Radiant energy, 
such as supplied by the early morning 
sun, will loosen solidly frozen ice crys- 
tals and cause small ice particles to 
disajipear. 

Limited Ice-forming Power 

AVater may be exhausted of its ice- 
forming power, as has been proved by 
experiments recently conducted in our 


Ice Research Institute at Morrisburg, 
Ontario. In these experiments water in 
a tank was cooled at a temperature ten 
to fifteen degrees below freezing. After 
the expiration of a certain length of 
time ice was extracted and measured 
and the water allowed to produce fresh 
ice for a further period. 

As an example of what happens, the 
result of one experiment showed that the 
first half hour yielded a full pail of iee. 
It required, however, a whole hour after- 
wards to produce another full pail of 
ice. Two hours more were required to 
produce a third of a pail. For four 
hours afterwards no ice was produced. 
This extraordinary result can be ex- 
plained on the colloidal theory, but it is 
difficult in the short space of this article 
to go into the theory adequately. It is 
evident that a nucleus is required for the 
colloidal ice mass, and after exhausting 
these nuclei, the formation of further 
ice is rendered difficult. This subject 
will be treated fully elsewhere. 
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Wakmino Water to Obtain Ice 

The passive state of water can be ex- 
plained, also, on the t^round that there 
is a time required for the restoration of 
the trihydrol in solution and at the tem- 
perature of freezing it is considerably 
slower than at higher temi)cratures. 
The active, or ice-forming state of water 
may be restored immediately by warm- 
ing the water to room temperature and 
then cooling, indicating that the equi- 
librium is established quickly at higher 
temperatures. We have, therefore, the 
interesting anomaly of producing ice in 
water by warming it. 

Anchor Ice 

An(!hor ice occurs in rapids and 
streams up to a depth of thirty feet, and 


depends upon the clearness of the water 
and the rapidity of flow. It is exceed- 
ingly sensitive to daylight, and such for- 
mations as occur at night are immedi- 
ately relieved by daylight. This anchor 
ice is formed in rai^ids even when the 
temperature is considerably above the 
freezing-i)oint. It forms more slowly 
with greater cooling in deeper water. 

Correspondingly, the melting of this 
ice is more rapid in shallower streams on 
the advent of daylight and during very 
cold weather the anchor ice may remain 
for several days on the bottom in very 
deep streams. Thus, we will have on a 
river a run of anchor ice in the morning 
from the shallower parts and in tin* 
afternoon from the deeper portions, es- 
tablishing thereby a very valuable dis- 



THERMIT DESTROYING ICE 
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tribution of ice flow in an open stream, 
for the jifreater abundance of ice from 
the shallower portion has passed before 


the ice from the deeper portion rises to 
cover the surface. 

The formation of surface ice is a 
study in itself and can not be fully 
treated here. Its growth is exceedingly 
slow after it has achieved a certain 
depth, and it is interesting to observe 
the formation of the crystals of this ice 
by the accumulation by layer after layer 
of ice disks on the under side very much 
like stacked Chinese coins. Very old 
surface ice gradually becomes coarser in 
structure, owing to the fact that the 
large crystals consume the smaller ones. 
This is noticed also in old glacial snow 
accumulations. After many years of 
continual cold the glacier becomes 
coarse-grained and the snow much more 
granular in structure. 

Of the factors which contribute 
towards the formation of ice, undoubt- 
edly the most important is terrestrial 
radiation, causing ice growth by reason 
of the fact that water is a perfect radia- 
tor of heat, and in winter loses its heat 
faster than it receives solar energy. 
Wind agitation, surface disturbances in 
rapids and waterfalls, deficient humid- 
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FLOOD LIGHTS ALONG RIVER TO PREVENT ANCHOR ICE AND TO LOOSEN FRAZIL 


ity and exposed surfaces all contribute 
their influence to abstract heat and as- 
sist the growth of ice. 

Counterbalancing these we have the 
forces of nature which retard the forma- 
tion of ice, such as solar radiation, radi- 
ant heat, reduction of exposed surfaces, 
warm rain and liigh humidity. Light is 
the most active agent, and it is the light 
rather than the heat of the sun^s rays 
which is most effective, especially the 
rays of the rising sun which coming 
through a clear atmosphere can pene- 
trate deep into the ice and water. As 
soon as the sun rises in the morning the 
ice production almost stops, and that 
which has been formed during the night 
along the bottom of the river rises and 
floats on the surface. 

In developing artificial methods of ice 
destruction it has been found that the 


greatest success has been obtained by 
methods which are similar to those em- 
ployed by nature. The exercise of brute 
force on ice has resulted in a distorted 
impression of how ice should be handled. 
By the river-man the use of dynamite 
has always been resorted to in times of 
emergency, but it has been found con- 
clusively by expert experimentation 
that high explosives such as dynamite, 
T. N. T., black powder and nitro- 
glycerine are of very little value, as most 
of the energy that is generated is shot 
up in the air, which merely serv^es to 
compact the ice more. While very spec- 
tacular in effect, all this energy wasted 
in the air should properly be used under 
the ice in destroying its strength. 

In 1925 the writer came to the conclu- 
sion that heat-producing chemicals such 
as thermit are more efficiently employed. 
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A ITORTHERN ICE PACK 

A OOVERNMENt ICE-BREAKER WORKING THROUGH PACK ICK, 


Thermit, which has come to be known 
generally in its work with ice, is not in 
any way explosive, but wlien properly 
ignited reacts vigorously, generating 
very high temperatures and producing 
extremely hot liquid steel. This heat 
causes the ice to split into its constituent 
parts, hydrogen and oxygen, with explo- 
sive violence, and thus the energy of the 
reaction is confined and held underneath 
the surface. The oxygen is mostly fixed 
by the iron of the thermit to form oxide 
again, while the hydrogen is liberated as 


a very hot penetrating gas which burns 
in the presence of air on top of the ice 
in a sheet of flame. Literally the ice 
blasts itself. 

The writer has developed a number of 
methods of attack which are based on 
scientific physical study. These meth- 
ods appear capable of dealing with any 
ice accumulation, when relief is neces- 
sary to avoid flood damage or stoppage 
of a power-house. No set rule can be 
given, however, as each problem is a 
study in itself and requires a particular 
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treatment. The skill of the operator, or 
ice engineer, is the important factor in 
its success. 

Time is a determining clement in ice- 
engineering work, and remedial mea- 
sures should be undertaken before the 
trouble occurs rather than heroic efforts 
to release an ice jam once it has formed. 
A quiet safe method of destroying ice in 
a stream at restricted points where jams 
are liable to occur results in the disap- 
pearance of ice long before the spring 
breakup occurs. 

It is possible even to destroy the ice- 
forming quality of the water before tlie 
ice is formed and thereby keep the water 
in a passive state, but this new method 
of ice technique is now being developed 
and it is too early to say what may 
result. 

Matkkmt.s Used in Destroying Ice 

Besides thermil, which is a mixiure 
of oxide of iron and metallic aluminum, 
there are other chemicals used in the 
treatment of ice, such as calcium car- 
bide, calcium chloride, sodium chloride, 
all of which have a ])owcrful action in 
rotting and destroying surface ice in the 
colde.st weather, leaving it weakened to 
such an extent that it offers no resistance 
to an ice shove. A field of ice can be so 
treated that definite lines of weakness 
can be established in any prescribed 
manner. Young ice can be destroyed in 
a few minutes, and channels opened in 
proportion to the economic desirability 
of such work. Charcoal, cinders, lamp 
black, sand and gravel are also very use- 
ful in their way of drawing the sun's 
heat and aiding in the rapid destruction 
of surface ice when correctly applied. 

In every case where ice of a river is 
treated during the winter months by 
these methbds the spring break-up may 
be hastened at least two to three weeks. 

The writer has developed recently a 
new material called ‘^solite” which can 
be dropped from an aeroplane over a 


crucial point in an ice jam. Solite is 
verj^ effective in treating these congested 
areas not easily reached. It requires no 
wires or batteries to set it off and may 
be delayed to any extent that is re- 
quired, hence it is of very great use in 
aeroplane work. 

Before undertaking a piece of ice- 
engineering, all information should be 
obtained by a general survey of the sec- 
tion to be treated ; the accumulation of 
existing data, and comparison with pre- 
vious records, where they are obtain- 
able; the depth and nature of the ice 
and the flow of water in the region 
under consideration ; the lines and 
points of weakness in the ice mass to be 
considered. 

If this work is undertaken early in 
the season so that the accumulation and 
growth of frazil is kept away from the 
surface ice and the water allowed to flow 
under the ice, serious ice jams and the 
resuliing flood and loss of property can 
be avoided. 

In the same way, if engineers in con- 
structing dams and power-houses would 
take into consideration their ice hazards, 
and would employ scientific methods for 
overcoming them, much of their trouble 
could be avoided and a great deal saved 
in the cost of construction. It is esti- 
mated that many millions of dollars arc 
lost annually from power structures 
owing to the want of attention to winter 
operation. 

Many lines of work have yet to be 
attacked, but the great success already 
achieved by the new methods is very 
encouraging for the future development 
of ice-engineering, and from the keen 
interest with which the public has fol- 
lowed its development, it is apparent 
that people are beginning to realize that 
we will not inevitably have to submit to 
this tyrant of the north, but that it, as 
well as many of the other great forces of 
nature^ can be controlled and converted 
to our use and benefit. 



THE HOPKINS MARINE STATION OF 
STANFORD UNIVERSITY 

By Dr. W. K. FISHER 

DIRECTOR OF THE HOPKINS MARINE STATION 


lioBEKT Louis Stevenson aptly corn- 
jiarcd the curve of Monteny Bay, Cali- 
fornia, to that of a fish-hook, with old 
Monten’y bordering the slniltered bight 
at tlie south. In the adjacent town of 
Pacific Crovc, near the “barb,"’ is the 
Jl()f)kins Marine Station. Hard granitic 
rocks intei>ipersed with short beaches 
characterize this portion of the coast, as 
Well as the rugged littoral to the south. 
For forty miles to the north of Monterey 
is a long sweep of sand representing the 
shank of the hook. In places back of 
this are quiet meandering sloughs with 
zostera and a rich pennanent fauna of 
mud-loving animals. Low, pine-clad 
hills separate the harbor of Monterey 
from Carmel Bay, a few miles to the 
south. 

Four names arc inseparably asso- 
ciated with the founding of the Hopkins 
Seaside Laboratory in 1892: Timothy 
Hojikins, David Starr Jordan, Oliver 
Peebles Jenkins, Charles Henry Gilbert. 
Back oL‘ the obvious desirability of a 


marine biological laboratoiy in connec- 
tion with a new university of great 
promise, was the example of Anton 
Dohrn’s Naples laboratory, which had 
greatly impressed Mr. Hopkins, and the 
Penikese experiment of Agassiz in which 
Dr. Jordan played a part at a formative 
stage of his career. The combination of 
these four men was a peculiarly happy 
one- all young, enthusiastic, each play- 
ing an essential part. So the idea 
started. After thirty-eight years it is 
significant perhaps that the Hopkins 
Marine Station more nearly resembles 
the Naples Station than it does any of 
its other predecessors — but with features 
essential to its organization as part of a 
univei^sity. One of its buildings bears 
the name of Agassiz’ son, and it is to be 
hoped that those responsible for leading 
the younger generation have not forgot- 
ten the Penikese ideals so ably inter- 
preted by Dr. Jordan. 

The present station dates from 1916 
and is due to the vision and energy of 
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I,OW-TIDE AT THE STATION POINT 


President Ray Toyman Wilbur, who was 
liimself a student at the Seaside Labora- 
toi’y. The land and the two wooden 
buildings of the original institution be- 
eaine quite inadequate. A new site was 
ehosen, whieh by subsequent x>ui’chasos 
was augnienled to about eleven acres. 
This comprises all of what was formerly 


known as China Point, from the pres- 
ence of an old and picturesque Chinese 
fishing village, wiped out by fire in 1903. 
Near this site stood the old Hertzstein 
Laboratory in which Jacques Loeb con- 
tinued work begun at the Hopkins Sea- 
side Ijaboratory. 

In 1917, while the first building was 
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COAHT AT CYPRESS POINT, NEAR MONTEREY 


under const ruotion, the present name 
wajs adopted. Tliis unit, recently desi^f- 
nated tlie Alexander Agassiz Labora- 
tory, is of reinforced concrete construc- 
tion, three stories in height and 
approximately forty-three by eighty feet 
over all. In the summer of 1928 a sec- 
ond unit, known as the Jacques Loeb 
Laboratory, was completed from funds 


donated by the Rockefeller Foundation. 
This is also of reinforced concrete, and 
as shown by the illustration consists of 
a central portion of two stories flanked 
by two wings of one story enclosing 
three sides of a front court, the ovcu'-all 
dimensions being ninety-five by one 
hundred fifty-two feet. The building 
is designed for permanent research in 
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physiology, exi)erimental morphology, 
biophysics, biochemistry and bacteriol- 
ogy. As a general principle, large 
specialized laboratories are equipped 
rather than individual work-rooms, al- 
though seven private rooms are avail- 
able. 

Tlie, general facilities which arc pres- 
ent in nearly every laboratory include: 
pressure and suction air; alternating 


There are five dark-rooms, one for gen- 
eral photographic use, three for spectros- 
copy, polarimetry and photometr>% and 
one heliostat room which derives its light 
directly from the roof of the building. 
The principal laboratories and work- 
rooms are supplied with sea-water, hot 
and cold, fresh water, distilled water, gas, 
in addition to the current and air out- 
lets mentioned above. 



THE RUGGED COAHT SOUTH OF MONTEREY BAY 
TEEMING WITH ROCK-LOVING SPECIES 


and direct current up to 200 volts; bat- 
tery current to 90 volts. In the large 
laboratories provision is made to vary 
the current at almost every outlet, and 
specially constructed hoods with outlet 
controls increase the usefulness of the 
rooms. Sea- water is conducted through 
antimony-free lead pipes to a reservoir 
of 10,000 gallons’ cax>acity situated on 
an elevation of rocks whence it is fed by 
gravity to the aquarium tables and sea- 
water outlets in the laboratories. In the 
construction of this system the use of 
copper and metals other than lead has 
been avoided. All aquarium tables are 
equipped with several air pressure out- 
lets. One room is designed for perma- 
nent set-ups, such as potentiometers. 


The older building, the Alexander 
Agassiz Laboratory, houses those of the 
staff concerned with the hydrobiological 
survey of Monterey Bay and with the 
more traditional lines of research in 
zoology and botany. This building also 
contains the general laboratories in 
which most of the undergraduate classes 
are held during the spring and summer 
quarters. 

Since 1918 the station has been open 
during the entire year, and it now main- 
tains a resident staff of eight specialists 
in addition to three technical assistants, 
a secretary and a mechanician. The 
permanent staff is augmented during the 
summer by members of the school of 
biology of Stanford University, and 
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PURPLE HEA-URCHIN8 AND GREEN SEA-ANEMONES 

A t^HAKAOTERISTlC COLOR COMBINATION. 


usually by a few biologists from other 
institutions. The staff tenders facilities 
to visiting investigators, furnishes grad- 
uate and undergraduate work in biology 
and maintains a permanent program of 
research. 

During the last two decades it has 
grown increasingly evident that the 
biologist can no longer pose as a physi- 
cist, a chemist, a bacteriologist ; nor is a 
successful anatomist, embryologist, tax- 
onomor and oceanographer likely to 
reside in one person. A research institu- 
tion committed to hydrobiology, oceanog- 
raphy and the multifarious ramifications 
of experimental biology can not function 
without the aid of specialists. 

An enumeration of projects under 
way or planned for the immediate future 
would suggest the scattered blocks of a 
mosaic rather than a finished picture. 
The research program in a general way 
concerns itself with oceanic biology. 
This .work includes a hydrobiological 
survey of Monterey Bay which is being 
carried out With the cooperation of the 
California Pish and Game Commission. 
Special attention is being paid to the 


relations between the organism and its 
environment, including a consideration 
of the composition of sea-water in rela- 
tion to equilibrium with solutes. The 
developmental histories of fishes having 
pelagic eggs is being given major con- 
sideration, as is also the ecology of 
plankton organisms. A factor of prime 
importance is the close proximity of 
depths as great as a thousand fathoms. 
It is therefore confidently expected that 
the physiology of pigments and lumi- 
nescent matter of deep-water organisms 
and certain features of the ecology of 
these same creatures will be available 
for study in the near future. The 
physiological program comprises the 
characterization of the environment in 
relation to varying groups of organisms, 
more especially those living in an ab- 
normal environment. The project in- 
cludes the determination of the limiting 
conditions of life and of various extreme 
circumstances in order to learn some- 
thing about the meaning of the so-called 
normal environment of the ocean. Gen- 
eral problems connected with marine 
bacteriology occupy the attention of a 
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specialist, while another is concentrating 
on a spectroscopic study of various 
natural pigments. Band spectroscopy, 
es])ecially when applied to the living 
cell, has proved to be a powerful tool in 
biological research. Work in progress in 
organic chemistry includes a study of 
planktonic oils and fats, their decom- 
position products, both aerobic and 
anaerobic — in short, their position in the 
natural cycle of the ocean. 

The pJov(*rbially rich fauna and flora 
which are readily available at low tide 
offer big returns to the investigator and 
beginning student alike. Witli such an 
environment the dyed-in-the-wool zoolo- 
gist and botanist are at an advantage. 
The wealth of fonns is in pail due to the 
liard granitic rocks, the diversity of ex- 
posure, the cold water and the rich as- 
semblage of micro-organisms of the open 
sea. Many animals are permanently 
attached, or have dug in, and must have 
their food brought to them by the water. 
Groups which especially give character 
to the fauna are the sponges, anemones 
polyclad, nemertean and annelid worms, 
sea-stars and sea-urchins, bryozoans, 
mussels, chitons (upward of fifty spe- 
cies) and gastropods, the higher Crus- 


tacea and compound tunicates. Dorid 
nudibranchs are conspicuous for their 
size and brilliant color. The plankton 
of the bay runs the gamut of the 
animal kingdom from a varied mob 
of protozoa to salps. Diatoms are 
very abundant, and the growth of 
shore algae is lush, often a nuisance 
to the zoologist, including a wide 
range of forms from the giant kelps 
to tiny species which grow upon them 
as do epiphytes upon tropical forest 
giants. 

Excellent material is available for re- 
search in cellular biology, normal and 
coni rolled development, exp(‘rimental 
morjdioiogy, anatomy and taxonomy. 
There arc so many problems in the 
natural history of shore and plankton 
forms, both invertebrates and fishes, as 
to defy enumeration. Fundamental tax- 
onomic work remains to be initiated be- 
fore much good material for experi- 
mental work will be available. As the 
hydrobiological survey progrt^sses oppor- 
tunities will increase for highly desirable 
studies on the ecology and special physi- 
ology of deep-sea plankton organisms. 
The harvest is big but the harvest hands 
are few! 
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THE DEVELOPMENT OF AGRICULTURE 

By Dr. WALTER HOUGH 

TllK U. S. NATIONAL MUSEUM 


Tite period of eulturo at which men 
j?atluT iogetlicr into communities is nec- 
essarily variable. It will be seen tliat it 
may depend upon the stage of advance, 
natural mental or physical qualifications, 
favorable or unfavorable environment, 
war, disease, rejiressioii by neigliboring 
peoples and other causes Ihat may be 
recognized. Witli all that can be placed 
on the debit side it is found that over- 
coming all suggested obstacles the condi- 
tion of solvency appears with agricul- 
ture. The difficulties of the struggle 
ufiward perhajis can never be known and 
it is iiecossiiry to gather illuminative data 
from tribes tliat might or might not 
progiTss on lines of advance. Therefore 
a long period may be predicated before 
man reached a suitabh* field where agri- 
culture could be developed. There enter 
here also tlie requirements of the en- 
vironment suitable for tlic cultivation of 
the grain and food plants in possession 
of tile farmer. 

Law of Human Needs 

One portion of the law of human 
needs is that man must have food on the 
spot. Obeying the law, man has sub- 
sisted on a variety of diets, depending 
upon the place where he is at the time, 
taking nourishment from the game of the 
waters or land, or being frequently a 
vegetarian of a rather strict sort. Thus 
when man’s diet is examined into it is 
found that he follows out what pliysiolo- 
gists say about the evidence of his teeth, 
that he is omnivorous. When the need 
comes strou^jfly to the front anything 
edible is acceptable. For this reason 
the subject of diet is important in obsei^^- 
ing the habits of the races of man. 
Mostly this is a curious and somewdiat 
superiorly amusing topic except to scien- 
tists who are compelled to look beneath 


the surl'aee for the explanation of, for 
instance, how and why man became a 
farmer. 

It is seen at once tliat not all men be- 
came tillers of the soil and tliat oppor- 
tunity did not come uniformly to the 
race, beeausc many tribes in the world 
have not y(‘t graduated to the ancient art 
of farming. This is beeausc, as will be 
brought out, tliere wore so maii}^ liin- 
dranees on the way up. 

While it is evident that the early farm- 
ers began agriculture on continental land 
areas, and as pointed out by Payne, of 
Oxford, under semi-desert conditions 
where the re])ressive effects of exuberant 
vegetation are not present, its diseovery 
was greatly delayed when w^e consider 
the migrations of groups of men tlirougli 
a long period, before the proper onvinni- 
ment for the practice of this art was 
reached. In the early period we must 
imagine that environment was not yet 
effective as a factor more or l(\ss potential 
in its interactions of man and conditions. 
It is logical to suppose that man mi- 
grated in search of environments favor- 
able for his well-being, moving on and 
leaving fractions that were stationary on 
grades of food supply below the agricul- 
tural level or that present mixed phases 
of agricultural and feral subsistence. 
Examples in point are a primitive de- 
pendence upon fruitful trees and other 
plants furnishing food, fiber and other 
necessities, this phase exhibiting what 
may be called unconscious cultivation. 
The agave and cassava were important 
subsistence plants in primitive America 
lotig before maize and it is probable that 
the date palm growing much antedates 
the use of any cereal.^ 

i‘*Tho Palm and Agave as Culture Plants, 
Internal. Cong. Americanists, Quebec, 1906. 
pp, 215-221. 
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CbiaxraKnm or StnwraTiNOB m Pbs-achu- 
OtfLTDRAL TiHBS 

At no time and in no environment ie 
obeerved a parel 7 animal aubeistence. 
In ice and tropic^ areas, if it is allow- 
able to cite the habits of peoples living 
in the high north as evidence, the food 
intake was mixed animal and vegetal. 
This faet is reflected in the mixed denti- 
tion of man and is also evidence of the 
development of practical means to insure 
the perpetuation of man b^ habituating 
him to subsist in environments unflt for 
other animals confined bj nature to a 
type food supply. 

The food supply of the native inhabi- 
tants of a north and south extending 
hemisphere, as the New World, is readily 
analysed.* The east and west lying Old 
World presents different problems more 
complicated by nature and more varied, 
owing to the phases of domesticated ani- 
mals and the possession of the major 
grains. 

Nature being so tremendously prolific 
in things not needed by man and chary 
of things he can use for the higher 
economics, it appears that root crops, 
mostly poisonous without treatment by 
fire, do not furnish a reliable basis for a 
populous or permanent civilisation. It 
is true that we find in the West Indies 
and a vast ar^ in South America what 
ioaay be termed the cassava culture based 
on the root of the ManiQu>t utUisrima, but 
even in localities where maise is an ^- 
joiiot there has been produced no oivili- 
salaon of importance in the progressive 
history of plan. 

Siadlar concludons must be stated in 
regard to the races subjected to meat and 
fish diet Theie, it will be observed, pre<> 
sent interejrting phases in the diet^ and 
adi^dBiios varidas raees, but aid little 
ih tito floriatioa of <mlture. Such diets 
ime o^faetffistie of some of the dde- 
of humanity oempelled 
m food law of nature and to 
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glean with hard labor their ieolated lands 
and sea for something to eat. 

Lines Leaoino to AcoacuiiTUBB 

Presuming largely that agriculture 
became effective at the stage when the 
populations of favorable regions reached 
a density that demanded a stable basis 
of subsistence, it is possible to affirm 
that the art of cultivation arose compara- 
tively late in the scale of human prog- 
ress. In fact, agriculture began, so far 
as the definite cropping of cereals is con- 
cerned, in the Neolithic, the earliest date 
assigned to this period in any area being 
8,000 B.C. Before this time hnmauity 
did not depend upon this basic indus- 
try of farming. Agriculture, then, may 
be said to mark the beginning of per- 
manent and incalculable progress. 

As with inventions that are seen com- 
plete in the hands of man, one is tempted 
to conjure up some genius who discovers 
agriculture, but on reflection this is too 
easy, not to say the lacy way, omitting 
the long and painful steps of progress 
that must be taken before an invention 
can be perfected. As to the origin of 
invention, Greek philoeophers and other 
wise men must have waved their bands 
at the crux and attributed it to Daedalus 
or like worthy. 

Development or Food Plants 

Agriculture had a beginning, though 
its earlier stages are not recognisable in 
the terms of present agriculture. It is 
necessary to regard the progress not as 
a definite aim, but a development :, in' 
volving many factors, some of which are 
pointed out, and coming to a consumma- 
tion recognisable as agriculture with the 
cultivation of grain-yielduig plants such 
as rice, wheat, oatS) barley, rye and 
maise, and the leas oeonumlosUy hn* 
porisnt but highly valued Icgununons 
plants as beans, peas and the The 
obeeurity eovering |the history of the 
domestieatlaU of theee plants is not 
rivaled by the **lost 

arts of tbs tttoionla** of Hteiulitpra. 
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No attempt is made here to follow out 
a theoretical scheme as to the develop- 
ment of plants for economic use. It is 
understood that plants capable of agri- 
culturation were finally selected and 
planted and brought forward in yield, 
pursuing the methods and deadwork of 
clearing, tilling, watching, representing 
the great labors antedating the harvest. 
It is surmised that the cereals were se- 
lected during the period of wild harvest- 
ing and that plants showing fruitfulness 
and perhaps a desirable flavor were 
planted when the agricultural phase of 
culture began to take on importance. 

The question whether the agricultural 
method arose independently with each 
basic cereal can be with confldence 
answered in the affirmative. 

On this topic the agriculture of maize 
in America is a conclusive argument. 
This strictly American cereal was 
brought to economic perfection by in- 
digenous methods which conform to those 
applied to cereals in the Old World. The 
origin of maize cultivation in America 
is quite as obscure as is that of such 
basic crops in other parts of the world. 
Here in the western continent the ra- 
tional developments observed elaewhere 
are evident in the rise of advanced civ- 
ilization under the tutelage of maize. 

Selection of seed is well understood by 
aboriginal agriculturists still retaining 
the older phases of the industry. This 
feature was no doubt learned quite early, 
and largely by it agriculture of grains 
acquired more importance in furnishing 
requisite amounts of a chief staple that 
could be stored from harvest to harvest. 
The experimental selection of seeds over 
a long period gives in the result what 
Burbank accomplished in a few years by 
using the scientific mind on the experi- 
ences acquired by plants in the course of 
their life history. 

Environmental Conditions 

In the laboratory of nature plants 
come to represent the various reactions 


arising from favorable and unfavorable 
correlations in the environment. They 
reflect in their structures the good or 
bad treatment they have received in the 
past. In associations with man unde- 
signed contacts are observed to be fav- 
orable to plants. About the habitations 
of man in unused spots weeds flourish 
more luxuriantly than in their natural 
areas. In an enclosure, vegetation nor- 
maUy repressed by soil or animal enemies 
flourishes and, as around the domicile, 
begins in some cases to leave off its feral 
protective devices. In a garden com- 
petition of wild plants with the desired 
crop becomes at times fierce, especially in 
regions where the rainfall is depended 
upon to get results. 

Personal observations in Mexico of 
village communities give the impression 
that in the scattered houses each with its 
little plot of ground we have a picture 
of the early grouping of man, a labora- 
tory favorable for carrying out designed 
and unintentional experiments with 
plants. In one place a spineless cactus 
(Opuntia sp.) was observed in a door- 
yard, a proof of Burbank's thesis that 
plants react to protection. In some such 
condition the ancestor of maize may have 
shown variations which attracted the 
early gardeners. About 1914 the 
teosinte plant of Mexico was put through 
a short course by Burbank and made to 
produce ears of naked grain maize. 

Plants coming into close contact with 
man begin to exhibit potentialities of use- 
fulness not disclosed by the same spe- 
cies in a feral state. The plants that 
will be useful begin to show variations in 
the way of better fruits and the casting 
off of disadvantageous acquired protec- 
tive devices. 

At this period in human culture char- 
acterized by a relatively great progress 
man focused upon plants the same 
knowledge which he had derived from his 
observations on the habits of animals, 
that is, had collected the data necessary 
for their capture. In the phase when 
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animal subsistence was important the 
characteristics of animals were known, 
being essential to his existence. It may 
be said that the animals that would sub- 
sequently be domesticated were already 
known on account of their habits to men 
of the loosely classed hunter stage. 

Incidentally, the uncivilized tribes are 
sometimes not given credit for the vast 
body of knowledge that they possess on 
the plant life of their environment. 
Only in recent years has this line of 
scientific inquiry been given the atten- 
tion, not at all adequate as yet, which it 
demands. 

The Hopi Indians have what seems to 
an outsider a pretty conceit when they 
name a plant ‘‘the Mole his com,*' “the 
Field-mouse his com, * * and the like, but 
in reality there is disclosed here the keen 
observation of the Indian on the natural 
subsistence of animals. How much this 
has aided native men in the selection of 
plants is speculative. On the other hand, 
the relation of animals and plants is an 
interesting study, in regard especially to 
the modification of species through the 
ministrations, or undesigned agriculture, 
of animals. It is evident that plants 
have been brought far along the road by 
other forms of life. When man took 
them up for practical purposes beyond 
any previous uses, plants had diversified 
in such characters as fruitfulness 
through the aid of insects and other 
helpers in the wonderful partnerships of 
nature. 

It is probable from the above consider- 
ations that agriculture, which is now 
regarded as productive principally of 
cereal crops, was confined originally to 
garden plots to which plants more or 
less useful to subsistence were intention- 
ally brought and tried out. Here it may 
be conjectured most of the vegetables, 
small fruits, trees and so forth accom- 
panying fanning were developed further. 
The cereal destined to bring the crop of 
the highest economic importance to the 
gmtest number of mouths doubtless de- 


rived from but did not supersede its 
humbler companions. 

Methods Prom Hoe to Plow Stage 

It is understood that there will neces- 
sarily accompany agriculture from the 
primitive stages to the most advanced 
certain essential tools. These tools, rep- 
resenting with reasonable clarity the pro- 
gressive stages of agriculture, are the 
digging or planting stick, the hoe and 
the plow. While these are concerned 
with getting the crop in the ground, car- 
ing for it, and are among the myriad of 
devices growing around the needs of 
agriculture, they are tools of almost uni- 
versal use, affording a means of grading 
the races of planters. 

The digging stick came into agricul- 
ture from early periods when it was of 
general utility for digging out game 
from burrows or other excavating work 
and for many other purposes, even as a 
weapon. It is possible that a stick was 
first aid to primitive man. 

In America the agriculture of maize 
requiring the planting of the seed in hills 
rendered the digging stick an essential 
tool peculiarly adapted to this work. 
The Hopi and other Pueblos retain this 
primitive tool to this day. Apparently 
among them the hoe was introduced 
through the Spanish conquest and found 
its chief use in clearing the desert fields 
for planting. An intimate personal pos- 
session of the farmer, the Hopi regard 
this digging stick as a symbol of support 
and reliance in life and death. The dig- 
ging stick protruding above ground at 
the head of a grave denotes a guide for 
the spirit in making its way from the 
piled-in earth. 

The usual Pueblo digging stick is a 
stave of strong wood worked wedge shape 
at one end, and beyond the smooth 
human wear has no other modification. 
The Zuni expand the end of the stick 
into a blade and work out a crutch for 
the foot in forcing it in the ground. 
The digging stick here becomes a spade 
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worked in a standing position, while the 
farmer sits or squats on the ground in 
wielding his stick, indicating a more 
primitive method. In the Salt River 
Valley the early irrigationists used a 
blade-like digger, and in cliif dwellings 
and other sites sword-like digging sticks 
have been found. A weighted digging 
stick for getting out roots, the weight 
l>eing a perforated stone, was used in 
California and is observed in South 
America and other parts of the world 
where root subsistence is important. 

In general it may be said that the dig- 
ging stick is not in the line of the an- 
cestry of the hoe, and the method of use 
is quite different, the former being a 
vertically thrust-in and piercing imple- 
ment and the latter delivering a hori- 
zontal blow like a pick or adz. 

The hoe is more strictly an agricul- 
tural tool adapted to the cultivation of 
plants in tractable soil. In method it 
is used more as a horizontally mounted 
shovel, drawing the earth into the beds 
or ridges formed in eastern Indian maize 
culture. It thus suggests the ancestry 
of the plow. The digging stick proves 
its usefulness in hard soils and in the 
obstacles of fire clearings, while the hoe 
follows in working the loosened earth. 
It is likely that the breaking of fields for 
the crops of European- Asiatic grains 
was exclusively accomplished with sharp- 
ened sticks. In archeology the hoe is 
in evidence only when the material is 
stone, while the perishable materials, 
such as wood, bone, etc., have disap- 
peared. Therefore the distribution of 
hoe culture can not be outlined by the 
stone implement. Also in many local- 
ities the proper stone for making hoes 
does not occur. 

It will be seen that the digging stick 
and hoe belong to the period of small plot 
agriculture and only after the increase 
of population with the accompanying 
needs does the plow appear. It is evi- 
dent that the plow comes into use late 
in the history of agriculture. Its use 


also marks the beginning of a great 
period in agriculture. The use of the 
plow was sporadic in contrast with the 
general distribution of the digging stick 
and hoe. Only when the conditions of 
increase of population and social organi- 
zation became important enough would 
the plow be developed. The plow also 
means more land put into crops, more 
mass effort and some hitherto unneeded 
form of traction. 

In the picture of wide-spread agricul- 
ture before the age of invention it would 
seem that the plow was invented inde- 
pendently in many places. There is, 
however, little reason for setting this 
forth as a scientific conclusion. Noth- 
ing like the plow beyond the hoe was 
ever invented in the western hemisphere. 
The Europe- Asia- Africa complex is suf- 
ficient to explain the diffusion of the 
plow to these continents together with 
the conditions for its use as suggested. 
The rise of the plow in the ancient Near 
East civilizations is borne out by the con- 
ditions which made them civilizations. 
Improvements on the simple plow are 
evident in the long stretch of time from 
the dragged pronged stick to the per- 
fected implement of the present. 

Unfavorable Locations 

In the spread of agriculture by slow 
infiltration to favorable land there must 
have been many disappointments as to 
soil and the idiosyncracies of plants. 
The manner of established and combative 
growths has always been the bane of 
the general diffusion of agriculture. It 
is manifest that agriculture does better 
in nature cleared desert lands than in 
fields burned or hewn out of the forests. 
Agriculture in forested lands before the 
advance of agencies of power ip the in- 
ventive epoch and hand tools, as the steel 
ax and grubbing hoe, was a painful and 
losing adventure. The Mayas coming to 
Yucatan were forced to employ milpa 
agriculture, that is, the clearing of fresh 
areas of forest constantly as the older 
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fields were captured by vegetation, prin- 
cipally grasses which resisted the primi- 
tive methods of cultivation employed by 
the natives who lacked also grazing ani- 
mals to keep down the growths. The 
growing distances of the fields from the 
population, the transportation of crops 
and the labor of clearing were met by 
the Mayas for centuries, during which 
they developed their wonderful civiliza- 
tion, but eventually these conditions con- 
quered them and reduced them to the 
jungle state in which they now exist.® 

There are many examples of such mis- 
fits of agriculture like the above which 
add grievous burdens to the already 
hard load put by ordinary conditions on 
the business of agriculture. 

Generally by endless experiments agri- 
culture has accommodated within certain 
limits plants to various regions to which 
they were not formerly adapted- The 
tendency to display new characters in 
plants undergoing cultivation, a habit 
called variation, has aided in the spread 
of agriculture. 

In this process it is found that plants 
forced far into variation lose the feral 
qualities that enabled them to live in 
their environment and are compelled to 
depend for their propagation on human 
agencies which preserve the seed. Many 
economic plants have been so altered by 
variation that if it could be imaginable 
a total loss of seed would render the 
plant extinct. This applies to grains, 
but other plants, as the banana, losing 
their seed by cultivation must be propa- 
gated by slips. Thus many plants are 
dependent possessions of man, who may 
be represented as repeating the modifica- 
tions on vegetal life due to insects and 
these in turn modified by the wonder- 
working process of variation. 

The spread of useful plants may have 
been influenced by an observed psychol- 
ogy of those engaged in agricultural pur- 
suits. That agriculture was a softening 

> O. 7. Cook, ^'lOlpa Agricultard.'' Smithson. 
Beport, 1919, pp. 807-^26. 


process on man is evident, reducing him 
to a static position upon the land with 
a perishable or transferable stake easy 
of access to marauders and inculcating 
peaceful habits. Agriculturists are for 
these reasons averse to war and are 
forced into conflicts by the ruling grades 
of social organization, which dominate 
but are dependent upon agriculture. 
This preface is to bring out the comity 
between farmers, leading to the inter- 
change of plants and seed, thus tending 
to the general diffusion of materials and 
methods. Farming from its nature 
could not be kept secret like some of the 
arts. The precious seeds of com m3rthi- 
cally given by the gods to the Zuni could 
not be long a tribal possession. The 
spreading of seed is a human urge. 

Domestic Animals 

The domestication of animals in its 
relation to agriculture appears to follow 
normal lines of growth of both industries. 
The coalescence of animal and crop hus- 
bandry was early and was preceded by 
phases where conditions were more fav- 
orable for grazing than tilling or vice 
versa. Both animal and plant domesti- 
cation, apparently results of the applica- 
tion of the same principles, were in fact 
completed in the Neolithic in a region 
where the two progressed together, so 
that in the first glimpse of farming we 
find man dividing his efforts between 
flocks and crops. 

Here and there is observed the ancient 
fission of the herder and farmer whioh 
obtains to this day. This is for the rea- 
son that the herbivorous animals require 
a wider range than the smaller animals 
which are in closer association with man. 
It is seen, however, that in the small 
farming of parts of Europe, probably 
typical of the Neolithic phase, and in 
many respects a survival, there is a divi- 
sion of labor producing the classes of 
herders named gooseherd, goatherd, cow- 
herd and (he like, acquainted with the 
habits of their respective charges. 
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The domestication of the horse, an 
animal useful in the early times only as 
food, appears to have had an important 
bearing on the completeness of the tam- 
ing of the large herbivores. This state- 
ment is based on the probable first 
economic use of the horse as a riding 
animal in rounding up cattle. In this 
accomplishment it must have been 
learned by daring spirits that a horse 
could be broken. The horse as a trac- 
tion animal came late in agriculture in 
matter-of-fact lands where the age-long 
affection, almost worship, of the horse 
was not prevalent. 

The economic results that came from 
the combination of tilling and rearing 
were of manifest importance. Indus- 
tries not dreamed of in the preceding 
periods have extended to enormous pro- 
portions on the animal side of husbandry. 
It is not supposed that in the agriculture 
of centuries ago animals were recognized 
as consumers of crops produced by hand 
labor, yet there were no doubt seasonal 
crises when feeding was obligatory. It 
is seen that feeding grew slowly towards 
the present period when a large propor- 
tion of the crop is converted into meat. 

This development has not been uni- 
form in all countries or in the same de- 
gree. Chinese economics, for instance, 
had to choose between animal and human 
population. This brought about the 
practical elimination of the larger grain- 
consuming mammals and the substitu- 
tion of the smaller mammals and fowls 
more or less self-supporting or feeding 
on offal. This feature is observed where 
agriculture entrenched on the larger 
areas required for grazing. It is prob- 
able that with the increase of population 
and consequent crowding in the United 
States and Canada history will repeat 
itself. There are symptoms now of a 
coming change in the diminishing con- 
sumption of red meat. 

Conservation and Preparation op 
Pood Suppues 

Having sketched the chief phases of 
the development of agriculture, atten- 


tion is now given to the outgrowth of an 
established system of tilling serving a 
constantly increased population. Stor- 
ing, preparing and serving the food prod- 
ucts of agriculture necessarily had their 
roots in a small way in the beginnings, 
even extending to the pre-agricultural 
phase. Whatever is acquired from the 
jungle or results from crops and fields 
has upon it the necessity of preparing it 
for future use in times of scarcity or 
between crops. This is the foundation 
of economy, the central motive in agri- 
culture in contrast with the more or less 
mythical hand-to-mouth customs ascribed 
to inferior races. 

Possession implies disposal. Each 
class of gathered food material requires 
its own process of preservation. The 
story of the preparation and storage of 
human aliment is so vast that only the 
salient points may be hinted at. As to 
animal food, the savage may be imagined 
as making his kill and placing the meat 
in contac?t with his digestive fluids as 
soon as possible without thought for the 
future. 

A step forward and we have drying 
meat for preservation and later the em- 
ployment of the first chemicals in smoke 
for more complete preservation. This 
satisfies the needs for a long period until 
the value of salt as an agent is discov- 
ered. Following on into later and 
modern periods it is seen that all the re- 
sources of the phenomenally advanced 
sciences are employed in the various con- 
ditions developed. 

Vegetal food supply also presents 
many problems of preparation for pres- 
ervation and storage. Boot and tree 
crops exhibit methods of preparation by 
drying, the use of heat to alter toxic 
properties, as in breadfruit and cassava. 
The latter is put through the process of 
grating, pressing and baking to yield a 
storable product. Fruits are dried or 
worked over for putting away. Portions 
of edible plants are dried and stored by 
methods found suitable. 

The introduction of cultivated grains 
into the dietary made for less prelim- 
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inary preparation of the crop and fur- 
nished less perishable materials for stor- 
age. The earth cache method appears 
early among the grain-raising peoples. 
Aside from bulk the grain pits of Ur of 
the Chaldees differ little from the cement 
elevators of the present, and both take 
their origin from the original and near- 
est available storage places in the earth. 

There comes to view here the vast field 
of human endeavor in the agencies con- 
nected with the serving of food. The 
milling industry from the period when 
many farming operations were carried 
on by individuals shows at first the mill- 
stone and hand stone between which 
grain was broken for further processes. 
The primitive millstone accompanied the 
agriculture of grains over the world and 
in pre-agricultural times had its begin- 
ning use in crushing grass seeds and 
hard substances. 

The mortar, ancient but not so primi- 
tive as the milling stones, also became an 
adjunct of the grain farmer. In the 
maize-raising area the mortar has a 
rather remarkable distribution. In the 
original home of maize milling was 
practised on the metate, an implement 
requiring workers to sit on the ground, 
a position, as has been stated, character- 
istic of primitive industry. On the 
spread of maize culture to other environ- 
ments, especially to those of rain irriga- 
tion, the mortar appears. This is shown 
by the presence of a primitive metate in 
the semi-arid southwest on the bounda- 
ries of Mexican culture and the preva- 
lence of the mortar in other parts of the 
United States. 

The meaning of this distribution may 
be suggested by ancient and developed 
economy of the maize growers of the 
south which required fine flour and that 
of those who more recently acquired 
maize and practised ruder methods. In 
general the Indians of the rain-watered 
lands ate com boiled as hominy or coarse 
mush bread for which the incomplete 
cracking in the mortar sufficed. Thin 


breads were unknown to the Indians 
north of the metate area. On the other 
hand, the standing posture of the mortar 
worker may indicate a preference for 
this working posture induced by the en- 
vironment. While some consideration 
should be given to the presence or ab- 
sence of mealing stones in some areas, a 
general view of the different habits in 
the larger areas does not give much 
weight to this suggestion. 

In considering the mill for grinding 
grain it would appear that the concept 
of rotary motion with all its implication 
of tremendous future advantages was a 
development in a sense so unnatural or 
out of the line of animal motions that it 
came late in the achievement of culture. 
Thus the employment of rotary motion in 
the mill marks an important, almost 
radical, division between the culture his- 
tory of the hand epoch and the epoch of 
machinery. 

The mill appears in the naked, hard- 
grain areas of Europe in the Neolithic. 
Its use is not indicated in the rice area 
where the mortar alone is effective in 
hulling the seed. The western hemi- 
sphere, whose only grain was maize, de- 
veloped no rotary miU. 

Involved in the various lines of prog- 
ress growing up with agriculture is 
noticed the effect of the means of serving 
food on the industry. Man generjilly 
has sensed the need of cooked food re- 
sponding to his development as a crea- 
ture, requiring that his food be assimil- 
able. Nature furnished man with many 
forms of vegetal and animal foods edible 
without cooking, but not in many cases 
important as a basis of mass population. 

With the agriculture of grains uneat- 
able until put through various processes 
of preparation, it will be seen that sev- 
eral inventions are necessary. Inciden- 
tally, the parching of wild and early cul- 
tivated grains was probably the most 
ancient solution of the problem, con- 
tinued among some tribes to the present 
along with boiling and baking of bread. 
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As with roots and other intractable 
foods, the pit oven was perpetuated in 
the roasting of maize. For boiling and 
other cooking processes pottery was nec- 
essary, and this art was contemporaneous 
with the permanent establishment of 
gprain tillage. Pottery began along with 
farming in the Neolithic and its up- 
growth solved problems at that time and 
continued with ever-increasing impor- 
tance in later periods. 

Military and Technical Organization 

Beside the raising of crops and all the 
accompanying features of their preserva- 
tion and disposal, the social and scientific 
by-products of an agricultural state are 
numerous and important. It is evident 
that a new problem of labor was uncov- 
ered and that it was quite different in 
amount and regularity from the sporadic, 
apparently unorganized work of the 
hunting or mixed preceding stages in 
which the family unit alone was to be 
supplied. The family supply in essence 
remains the fixed purpose of agriculture 
to the present, and this, as will be shown, 
has an important bearing on the regu- 
lation of agriculture on industrial 
models. 

In the higher social organization at 
which agriculture as a general economic 
feature of life begins, it is seen that labor 
may be furnished by clans or other bodies 
associated by mutuality, such as rela- 
tionship, religious ideas or predatory 
leadership or, as is general in clans under 
present observation, a combination of the 
first two. Theoretically and based on 
conditions observed in higher organized 
agricultural societies, some students con- 
sidered labor as a commodity apart 
whose necessity was felt in the older so- 
cial organizations. 

That this is an error is shown in clan 
or communal labor. The Pueblo Indians 
produced a remarkable civilization with- 
out a labor problem in the sense of a 
separate body of enslaved or dominated 
workers. This is an example of a peace- 


ful development in an isolated environ- 
ment. 

It appears that this state of affairs was 
quite wide-spread until there was super- 
posed on agriculture directional orders 
of society exerting religious and military 
domination through rulers. This intro- 
duces the protection feature, many times 
necessary in itself but really based on 
the taxable values established on the land 
by farmers from which means could be 
drawn for aggrandizement of the ruling 
class. 

It is argued that as agriculture de- 
manded a fixed dwelling or sedentary 
life, there was frequently required in this 
stage a system of protection. In estab- 
lishing this feature there were sowed the 
seeds of important human organizations 
developed in the social forms termed 
labor servitude, military and religious 
rule. 

The organization of society growing 
at the top and diversifying its activities 
produced other orders of consumers 
baaed on agriculture thereby increasing 
the pressure on the land for the food 
supply. The labor problem kept pace 
with these developments and there came 
in the ancient nations devices such as the 
drafting of labor, slavery through con- 
quest and the binding of labor to the 
land. 

Nothing has been said as to the parti- 
tion of the soil in agrarian communities. 
When land is held in common the rudi- 
ments of division also exist in the as- 
sumed rights of ranking families in the 
clan, the priesthood in assigning land, 
the strength in workers in families and 
other conditions which destined an ideal 
division. In general, under the clan 
system rights are acquired by former 
working of the land and announced in- 
tention of working the coming year. In 
case of failure to work the tract clan law 
throws the land open for use. 

Development of Qermame Arts 

Agriculture as a basic industry on 
which stable and growing i>opnlat!<»i8 
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must exist also aided in bringing about 
the most considerable advances in social 
life that may be noted in the progress 
of man. Some of these features having 
largely their origin in agriculture may 
be mentioned. 

One of the earliest requirements of 
growers was a knowledge of times and 
seasons. These desiderata were un- 
doubtedly acquired over a long course 
of observations on the heavenly bodies 
during the domestication of food grains. 
Out of this knowledge grew primitive 
astronomy, gradually showing a marked 
advance in applying crude mass metrics, 
developing into calendars. All ancient 
calendars had basically reference to agri- 
culture. 

The use of mathematical ideas express- 
ing crude metrics of areas and amounts 
also evolved in agriculture and mark the 
unfolding of arithmetic and geometry. 
Engineering more clearly is a consistent 
outgrowth of agricultural operations. 
The earliest forms of this science are 
found in the selection of ground, clear- 
ing of growth involving primitive de- 
forestation and timber work, grading, 
canal cutting, regulating water supply, 
and many other engineering jobs coming 
up in the exigencies of farming. Sup- 
plying also the labor to carry on the 
common and the outstanding engineer- 
ing work of the world is not the least 
of the contributions of the farmer to 
the world’s progress. 

The participation of the farmer in the 
technique of commerce is observed to be 
small. In the early stages before the 
social complex began to take over the 
disposition of fruits of the farmers’ la- 
bors as seen in the agricultural despot- 
ism of Egypt, Mesopotamia, China, Mex- 
ico and Peru, for example, there was 
nothing but folk commerce. At the best 
of the commerce of the ancient world 
there were inadequate facilities for the 
transport of appreciable amounts of 
foodstuffs to supply any considerable 
populations. There was also no real sur- 


plus, only a forced surplus whose export 
under despotic rule disregarded the 
needs of many. 

The nature of man as a religious crea- 
ture has caused the permeation of agri- 
culture from the very beginning with 
lore, myth and observances to counteract 
the maleficent influences which render 
the art of tillage a game of chance. A 
glance at this vast field presented in 
Fraser's '‘Golden Bough” reveals the 
enormous penetration of religion in agri- 
culture, its development there and its 
response to human needs of protection 
and guidance. 

The above are some of the important 
features of civilization fostered under the 
stable conditions afforded by agriculture. 
It is, however, not supposed that these 
matters were brought to a state of en- 
larged usefulness by the farmer alone. 
The surrounding of the industry by re- 
ligious sanctions and official controls fur- 
nished groups of men having assured 
subsistence and consequent leisure, who 
perfected them. The agricultural body 
with its preoccupation, its lore and crude 
laws of behavior remained in general 
ignorance. Agriculture has always been 
guided in all matters beyond the custom- 
honored technique of art. 

State of Repressed akd Dependent 
Population 

When agriculture comes up into the 
view of history it is seen that society has 
extended to comprise a number of differ- 
ent orders from slave to king. Society 
growing from diverse efforts to produce 
coherence by rule has become in the 
classic examples a workable form. Di- 
vision is on the line of intellectual and 
predatory employments on the one hand 
and manual employments on the other. 
The superstructure hides the primitive 
foundation. 

The recognition of what are loosely 
called rights in common, realized to a 
great extent in ancient communal effort, 
was long in coming in more complex 
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society. The state of repressed popula- 
tions up to the age of enlightenment was 
generally unfavorable. The beacon of 
education and the ability and means of 
making betterments were denied them. 
The farmer whose prime incentive was 
to support his family by the sweat of his 
brow remained generally in the low level 
which tradition and sanctions had as- 
signed as his lot. In theory in Egypt 
the higher classes were "'gentlemen farm- 
ers/^ even the Pharaoh being com- 
manded by Ba to work the fields. Exam- 
ples of organizing ability were no doubt 
frequent among the farmers in the 
theocratic government of the country, 
but farm labor was repressed. In 10,- 
000 years and with all the various social 
forms developing, which may be called 
in the nature of experiments, the prob- 
lem of the farmer has never been solved. 
In all the cataclysms that swept away the 
dominant and dependent classes the 
farmer stayed on. Mounds of earth are 
the gigantic cities of Mesopotamia and 
around them the farmers still work the 
soil with the tools and methods of the 
far ancients. 

This represents the static condition of 
Asia. In Europe forces were growing 
that would lead to the emancipation of 
the farmer from the serfdom binding him 
to the soil. Here and there the voice of 
the repressed became heard and finally 
in Great Britain found that he was a 
unit of the state, exercised his crude 
power and secured certain rights. This 
was only a few hundred years ago, but 
the seed planted was destined to fruit in 
the wide lands of America and flourish in 
a way impossible in the narrow popula- 
tion-crowded lands of Europe. In 
America the fanner has never felt the 
repression of geographical and social con- 
ditions long the rule in Europe. Mili- 
tary, despotic, patriarchal and religious 
dominations did not enter into the 
American experiment. The turning- 
point of agriculture was in England, 
but the realization of its possibilities was 
in America. 


Appearance of Surplus 
The preparation of crops for market 
was an almost unknown factor in early 
agriculture. The germs, however, ex- 
isted in the beginning stages when some 
sort of sporadic exchange was carried 
on. It is seen that the economic ques- 
tion of a surplus did not come up in 
early agriculture. The ratio between 
population and food supply remained 
fairly constant. The population also 
beyond that engaged in farming was 
small and industrial concentration in 
manufacturing was scarcely in exis- 
tence, the units on the land being self- 
sustaining in all respects, as in the 
former days of domestic and individual 
arts. 

The history of agriculture shows 
clearly that the quite recent tendency 
has been through improved appliances 
and methods to foster an increased and 
dependable surplus beyond the capacity 
of the population to absorb. The story 
brings out the succession of the digging 
stick, the hoe, the plow, the mower, 
reaper, tractor combination, together 
with fertilization, improvement of grains, 
methods of rotation, intensive cultiva- 
tion on the land, and the use of Are, the 
ax, the drag, harrow, etc., all contribut- 
ing to a total surplus. Incidentally, 
also, these in the improved state bring 
about the feeding of increasing popula- 
tion and an inevitable surplus. It will 
be seen that the major items of this de- 
velopment derive from agencies outside 
agriculture due to the acceleration of 
what some genius of characterization 
called economic man. 

The object of modern agriculture is a 
surplus of production. Upon this, as 
has been suggested, is based civilization 
and its organizations and industries 
generally. But the surplus may be 
looked upon as a result of scientific and 
mechanical aids coupled with abundant 
acreage for expansion such as was fur- 
nished by the discovery of the New 
World and extensions of populations in 
eastern Europe and Asia. 
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It may be asserted that the first ap- 
pearance of a surplus that could be 
handled on commodity terms was in 
America. It was not the storage of full 
years in anticipation of lean years, but 
part and parcel of the vast complex of 
modern civilization which has means of 
penetrating to the furthermost corners 
of the earth carrying finished and raw 
materials. 

Development of Industrial Organiza- 
tion OP Agriculture 

The development of the modern indus- 
trial organization of agriculture as sug- 
gested is part of a long chain of 
gradually unfolding events. It is evi- 
dent that agriculture is breaking out 
of the shell which has bound it for sev- 
eral thousand years. The long course of 
advance shows that agriculture was first 
merely a family or group asset, then 
successively a local asset, national asset 
and finally an international asset. 

The latter stage, the outgrowth of a 
complex of material expansions in which 
transportation takes a prominent place, 
presents obvious benefits to mankind. 
Intercommunication, which is aiding in 
the effort to establish a central board of 
information on crop probabilities and 
the existence of or lack of surplus in 
various countries, is destined eventually 
to help the farmer. Famine, which 
perennially dislocated the affairs of na- 
tions by the concentration of human 
misery, passes over the nations who are 
in touch with the new age. 

Tendency to Overproduction 

While a surplus is commendable as 
showing the difference between good 
farming and poor farming, overproduc- 
tion may be regarded as a failure in 
another direction. The tendency of 
modem skilled and aided farming is 
overproduction. All the myriad efforts 
of science and promotion are bent on 
production of a surplus, meaning over- 
production, which when not fitted to 


population demands is a clog on eco- 
nomic adjustment. Cheap labor and 
poor farming is counterbalanced by im- 
proved machinery and scientific farm- 
ing, and the result is overproduction. 
What should seem desirable is the re- 
verse, for it hits back finally to the unit, 
stable from the beginning, that is, the 
family. 

The contributions of science to agri- 
culture are numerous and important. 
For the first time in history has the sub- 
ject been examined in a methodical 
manner and correlated with most of the 
branches of science. That overproduc- 
tion is perhaps one of the results is not 
to the disparagement of science; prob- 
lems like this are in the field of science 
applied to government policy. 

Some of the fundamental contribu- 
tions of science are insect and disease 
control, increase of practical knowledge 
in animal husbandry, soil analysis and 
scientific fertilization offsetting the 

mining of soil, and other important 
items. Yet to come may be predicted 
the extension of the regulated increase 
in plant and animal variation and 
weather prediction by the variation of 
solar radiation. It must be considered 
also that at the present rate at which 
chemical science is growing, the food 
supply may be put on a new basis de- 
fying former prediction of overpopula- 
tion and famine. Chemical advances 
point to the lines of utilization of raw 
materials for the manufacture of food. 
If accomplished as anticipated, there 
would be a revolution of the business of 
farming. 

In view of modem discoveries of the 
essential rdle played by vitamins in the 
metabolism of foods, it is likely that new 
deductions may be made on the decay of 
nations, using as a basis the presence or 
absence of these substances in the diets 
which they have preferred or that na- 
ture has forced upon them. Probably in 
the future the advance of chemical sci- 
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ence will reduce the present apparent 
necessity of raising enormous crops of 
small vitamin content. This would allow 
the farmer to concentrate on limited, 
more valuable crops, saving labor and 
giving him more leisure. It is possible 
that in the review of the development of 
agriculture coupled as it is with the 
development of mankind some ideas may 
be found of use in the present search 
for aid to the farmer. 

Agriculture became a business by the 
agencies of general progress before the 
world recognized that there had grown 
up an industry cognate with the great 
mechanical industries. Mechanical in- 
dustries, of course, grew up against the 
background of farming. This phenome- 
non was long unperceived, and only re- 
cently have men familiar with social 
changes begun to attempt its regulation. 

Stimulative and Corrective Agencies 

There is no intention to propose rem- 
edies here or to do more than to suggest 
lines of approach to the subject. There 
is in the United States at least talent to 
select the crucial ideas and ability to 
find the means to carry out reforms in 
agriculture. Vastness should be no bar 
to organizations of relief measures, but 
custom and tradition are. 

The psychology of the farmer is the 
outgrowth of millenniums of struggle, 
and on account of it he may be described 
as showing traces of the individualistic 
and static life he has led in the past. 
This life we now see as disturbed by the 
infinitude of currents of modern prog- 
ress, singling out especially education. 

Dissatisfaction is not now with the 
inadequate returns and opportunities, as 


under more or less severe despotisms in • 
ancient Egypt and Mesopotamia, but in 
the complex economic conditions that 
to-day seem to leave the farmer out of 
the picture. To line the farmer up with 
these conditions there are suggestions of 
organization in great units which have 
been carried out in areas never taken up 
by the small farmer. 

The difficulty of this project is its ap- 
plication in areas covered by small farms 
on which the time-honored independence 
of action is practised. In it also are seen 
the return to the communal and feudal 
systems highly difficult as a project even 
under the copartnership in government 
of the present time. In any attempt of 
this sort the small farm unit must be 
satisfied to enter the scheme as an em- 
ployee of the industry. Perhaps this 
eventually will become practicable. 

This scheme would require a census of 
farm products in demand and the sup- 
ply in order to get a proper correlation. 
This infers a control of acreage put in 
crops, which so far no one sees as work- 
able. It also suggests a concentration of 
effort on the best land for certain crops, 
thus getting the diversity of required 
products on the best locales, throwing 
unuseful land into forests, etc. It is 
likely that in the future farming may 
be concentrated on the products of 
vitamin efficient foods, thus reducing 
substantially the burdens of needless 
production. 

It will be seen that the matters ad- 
vanced here look forward to a more rosy 
future, but the immediate practical aid 
awaits the earnest efforts of enlightened 
statecraft. 



WHAT IS EVOLUTION? 

By GEORGE J. DUDYCHA 

UPON COLLEGE 


It has been said that the history of the 
world is the history of ideas. Like con- 
trolling forces in the ancient world were 
the Greek ideas of fate, justice, courage, 
beauty and the Logos idea. Similarly, 
in the middle ages the ideas of obedience, 
faith and love were influential in de- 
termining not merely the institutions of 
the church and the daily life of the peo- 
ple, but the course of history itself. 
In our own Anglo-Saxon world we may 
find illustrations in such ideas as liberty, 
equality, opportunity, efficiency and 
democracy. 

In the nineteenth century the idea of 
evolution flrst took definite form, and 
its influence in the thought of that time 
and in the first decades of the present 
century was unbounded. Evolution has 
given us a new conception of the world, 
startling in its comprehensiveness, ap- 
plying to animal species, to terrestrial 
and celestial changes, to language, to 
human institutions, even to the mind 
and to our moral laws. It has given 
us a new method, the genetic method, 
revolutionizing our ways of approach 
to science. It has added new charm to 
the study of plants and animals and a 
new wonder to the study of the human 
body. 

Incidentally the evolution idea of the 
nineteenth century affected human 
thought and institutions in another way. 
It came into conflict with the church in 
respect to the origin of man. Violent 
controversies arose in the last centuries 
respecting the origin of man and the 
origin of mind and morals as a result of 
the introduction of the evolution idea; 
and in the most recent years these con* 
troversies have broken out afresh, dis- 
turbing the progress of science and in- 
troducing bitterness into the councils 
of religion. 


Hence we see the importance of under- 
standing just what evolution is. A 
critical analysis of any of the great, in- 
fluential ideas of history would be use- 
ful. Particularly timely is an analysis 
of the idea of evolution. In the follow- 
ing discussion the primary aim will be 
to find out what evolution means. It is 
still too early in the history of the 
twentieth century to attempt any final 
analysis of this concept. In this paper 
I shall undertake to trace through the 
various evolutionary philosophies of the 
nineteenth century and of the first 
quarter of the present century, with a 
brief preliminary review of such phi- 
losophies in ancient Greece and in 
modern times previous to the nineteenth 
century, with a view of finding out what 
the various writers and scientists have 
meant by the word evolution. 

Evolution is an idea belonging not 
to any one time, but to all the ages. On 
the other hand, evolution is often spoken 
of as belonging only to the last century 
because it received its greatest develop- 
ment in that period and because it was 
then first used as a basis for science 
and philosophy. Great advances were 
made in science as a result of the evolu- 
tionary hypothesis, and philosophical 
systems were built up around the con- 
cept. At the close of the nineteenth 
century the evolutionary philosophy was 
triumphant; it was the last word in 
science and philosophy. No man of 
genius doubted it. How could he when 
proofs offered in support of it seemed so 
logical and self-evident? The concept 
evolution was the scientific hypothesis. 
It spread rapidly from one science to 
another until it was the primary method 
of all the sciences, and was applied to 
every field Of thought. Evolution 
reigned supreme as a theory, and peo- 
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pie had so much respect for it that they 
almost made a god of it. Every explana- 
tion of social, religious, inorganic and 
especially organic phenomena was in 
terms of this hypothesis, this fact being 
largely due to the monumental work of 
Darwin and his contemporaries. Up to 
the time of the great World War this 
was the general attitude toward the 
evolutionary philosophy, but during the 
post-war period there has been a decided 
reaction against it. In less critical cir- 
cles this has taken the form of a violent 
reaction to which we refer as funda- 
mentalism. In philosophical and scien- 
tific circles it has taken the form of a 
careful inquiry into the causes, manner 
and meaning of evolution. It is true 
of most scientific theories that some re- 
vision of them is necessary from time 
to time, especially when they are so 
vitally connected with so many fields of 
thought as evolution is. 

Libraries have been written about this 
concept, partly because it has been a 
source of irritation to religion, but 
mainly because it is a fundamental 
hypothesis of science. Many definitions 
have been formulated, around which 
whole systems of philosophy have been 
built. There is a vast amount of litera- 
ture explaining evolution, offering argu- 
ments in support of it and applying it to 
the various sciences as a method. Again, 
much has been written attacking the 
theory — setting forth arguments to dis- 
prove it. But, as we search further, we 
find that very little has been written 
concerning the concept itself. 

Before considering an analysis of the 
term evolution, it would be well to have 
in mind the etymology and meaning of 
the term itself. Evolution comes from 
the Latin evolutio, an unrolling; e, out, 
and volvere, to roll, evolvere meaning to 
unfold, unroll, to open and extend, to 
disentangle. Is this what the various 
theories and definitions of evolution 
meanf 


The first reference to anything like 
evolution comes from the Ionian school 
Thales, the first of this group, theorized 
about the origin of all things and named 
water as the substance from which all 
things come. Anaximander said that it 
was not water, but the infinite, an eter- 
nal, imperishable substance out of which 
all things are made and to which all 
things return. Anaximenes tried to de- 
fine the substance, which Anaximander 
described, by calling it air. Thus the 
only contribution which the lonians 
made was the idea that all things come 
from one substance by some process, but 
they did not have any notion as to the 
nature of this process. 

Heraclitus was the great exponent of 
the philosophy of change. He believed 
that all things are in constant motion, 
nothing is fixed or static, everything is 
in a state of ceaseless change. ‘^You 
can not step twice in the same river, for 
other and yet other waters are ever 
Slowing on. ^ ^ It was through this philos- 
ophy of change that the notion of evolu- 
tion received its most striking statement 
at the hands of Heraclitus, “who re- 
garded all nature as a scene of ^becom- 
ing’ according to a certain law of pro- 
portionate exchange termed by him 
logos/* He did not have any notion of 
the transformation process of life or of 
the evolution of species, but he conceived 
nature, in his broad view, as involved 
in ceaseless change, and yet always con- 
stituting a uniform whole. The contri- 
bution which Heraclitus made to evolu- 
tion is important because he was the first 
to introduce this concept of perpetual 
change. Parmenides, who stoutly op- 
posed the philosophy of change, believed 
that reality is eternal and immutable, 
and that all change is inconceivable. 
Parmenides’ opposition is significant be- 
cause it led his successors to propose an 
explanation for apparent change. This 
introduces us to the important hypothe- 
sis by which change is explained as due 
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to the recombination of a certain num- 
ber of fixed and so-called elementary*' 
substances^ namely, four in the case 
of Empedocles, an infinite or indefinite 
number of ** atoms" in the case of Demo- 
critus, about ninety elements in the case 
of modern science and an indefinite num- 
ber of electrons or centers of electrical 
energy in the case of recent physics. 

Empedocles has justly been called the 
father of the evolution idea because he 
took a great stride in advance of his 
predecessors. He believed that there 
were four elements, earth, air, fire and 
water, which were acted upon by two 
mythical forces or beings, love and hate 
— attraction and repulsion. These two 
forces always act together upon the four 
underived, unchangeable and indestruc- 
tible elements, arranging and rearrang- 
ing them into different combinations by 
means of a process of endless change. 
He explained organic evolution as the 
triumph of love over hate. 

We have space only to mention five 
sparks of truth which may be found in 
Empedocles' philosophy: first, that 
change is explained as a recombination 
of a number of fixed elements; second, 
that the development of life was a 
gradual process ; third, that plants were 
evolved before animals ; fourth, that im- 
perfect forms were gradually replaced 
by perfect forms ; fifth, that the natural 
cause of the production of perfect forms 
was the extinction of the imperfect.^ 
Also in his explanation of organic life he 
made a vague prophecy of the survival 
of the fittest and of natural selection; 
but we do not find that he had a well- 
defined idea of evolution. 

Aristotle literally ushers us into a new 
world of thought, because he towered 
high above his predecessors and made a 
lasting impression upon the world by the 
force of his genius, demonstrating to us 
the surprising grasp which he had of the 
whole situatiozL There are two reasons 

iH. F. Osbom, ^^From the Greeks to Du- 
aria,*' p. 141. 


why we should pause and consider 
Aristotle, and which make him impor- 
tant in a consideration of the evolution 
idea. First, his concept of biological 
evolution. He believed that both the 
plant and animal kingdoms are graded 
from simple to complex — imperfect to 
more perfect — as a result of form being 
realized in matter. Second, his philoso- 
phy of evolution. Aristotle had a phi- 
losophy of evolution, which fact we do 
not find in Darwin, who did not have a 
world view of cosmic evolution, but sim- 
ply a theory of the origin of species. 
This, then, makes Aristotle important, 
because he had one theory by which he 
explained all things. Later we shall find 
that there have been others who have 
propounded theories of general evolu- 
tion, such as Spencer, LeConte, Bergson, 
Morgan and others; but Aristotle was 
the first and most important. 

Aristotle rejected the ideas of both 
Democritus, who reduced all things to 
moving, material atoms, and Plato, who 
assumed ideas separate from matter, and 
took a middle course, assuming that both 
matter and form are real. He held that 
matter had potentiality and form actu- 
ality, and that matter realized itself or 
became actual in form. Form and mat- 
ter are inseparable; there is no matter 
without form, and pure form — that 
which has no matter — is the Prime 
Mover or God. Thus, for him, develop- 
ment was a gradual, continuous, unitary 
process in which matter, the potential, 
realized itself in form, the actual. When 
applying this idea to nature, he said 
that there is a complete graduation, and 
that nature proceeds constantly by 
gradual transitions from that which is 
imperfect to that which is perfect, in 
other words, he believed in the unity of 
causation in nature. Thus at the very 
core of his evolution idea was this "in- 
ternal perfecting tendency, ' ' which 
drives the organism progressively on- 
ward to more perfect forms with man 
as the final product. It is this process 
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of realization which we shall find very 
significant when we come to a considera- 
tion of the evolutionary philosophies of 
the twentieth century. 

Lucretius, in his ‘‘De Rerum Natura,*' 
did not make a great contribution to the 
philosophy of evolution because he 
merely summed up the pre-Aristotelian 
philosophy. Although very mechanistic, 
it is important in the case of Lucretius 
to notice what appears to be an almost 
inadvertent subversion of his boastful 
mechanistic philosophy by the introduc- 
tion of an element of spontaneity in the 
atoms, which he naively likens to free 
will in man. 

The first great contributor to the phi- 
losophy of evolution after Aristotle was 
Augustine. Although Augustine was a 
churchman, he was greatly infiuenced by 
the teachings of Aristotle, which he har- 
monized with his Christian theology, and 
thus gave us a new concept of develop- 
ment. Putting it in modern terms: ‘‘In 
the beginning Qod made” the first single 
cell — germ or seed — in which all things 
that are found in the world to-day were 
implicit, and by a process, governed by 
natural laws with which the Creator en- 
dowed this first piece of matter, have 
become and are becoming explicit. The 
first cell was the potential universe with 
all things that are found therein. In 
this concept we find a trace of Aristotle’s 
forms, and matter realizing itself in a 
successive series of forms, and the mate- 
rialistic philosophy of the Greeks, also 
the Christian concept of the Creator who 
endowed matter with these natural laws. 

There are two things of importance in 
Augustine’s philosophy of evolution with 
which we should be impressed. First, his 
idea of an orderly development in the 
world. This is rather startling, when 
we remember that it came from a church 
father, because the church taught “spe- 
cial creation.” Augustine, however, 
conceived the universe as coming from 
the first seed or germ in an orderly 
manner, just as the oak grows, “in that 


order with which we are familiar in 
nature,” from its humble beginning in 
the acorn to the mighty giant of the 
forest. Second, and the most important, 
his notion of the potentiality of the germ. 
Here we should pause a moment, because 
Augustine has introduced into the evolu- 
tion idea a new thought — the potentiality 
of the germ. Nowhere among the Qreelw 
did we find this idea expressed — the 
entire universe being implicit in the first 
germ. This is truly evolution. Augus- 
tine thought that development is an un- 
rolling, an unfolding of that which is in 
the germ, the implicit becoming explicit, 
and this is the true meaning of the term. 
Thus Augustine was the first to have a 
concept of evolution which the term 
clearly and adequately expresses. 

The contribution which Thomas Aqui- 
nas made to the concept is essentially 
a reinterpretation of Augustine’s idea. 
He interpreted Augustine as saying : all 
the potentialities were not given by the 
Creator in the beginning, but at different 
times. In the beginning God gave mat- 
ter a certain potentiality which grad- 
ually became actual, later. He added 
another potentiality which by a gradual 
process became actual, then He added 
another and another and so on. At one 
time matter “received power to pro- 
duce” grass and trees, and at another 
time to produce animal life. Develop- 
ment, then, according to Aquinas seems 
to be an epigenetic process — a gradual 
building-up of potentialities which were 
added at different times. 

With the advent of the seventeenth 
century there was a great awakening in 
science which led to much speculation 
concerning evolution. There was a 
whole host of writers who contributed to 
the evolution idea, the naturalists — Lin- 
naeus, Buffon, Erasmus Darwin; the 
speculative evolutionists — ^Millet, Did- 
erot, Oken; the natural philosophers — 
Bacon, Descartes, Leibnitz, Eant, Schdl- 
ing, etc., all of whom we must pass over 
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beoamse we do not find in their writings 
any definite concept of evolution. 

Liunarck’s contribution to evolution, 
madi essentially to biological evolution, 
may be found in the statement of his 
four laws. In the first law he assumes 
internal forces — life which was inherent 
in the first created forms — which are at 
the basis of all growth and development. 
The second law, which deals with the 
‘‘needs'' or “wants" of life, as he 
termed them, is the law which was most 
severely criticized and misunderstood by 
his contemporaries. They interpreted 
his law as meaning that an animal could 
acquire any organ by simply desiring it. 
This could not have been farther from 
the truth. His conception was: a new 
situation is presented to an organism, 
the organism must needs react to this 
changed environment by the use of dif- 
ferent organs and parts from those it 
was in the habit of using, and probably 
cease to use the organs which it had 
used in the past. Thus he did not mean 
mental desires but the satisfaction of 
physiological wants or “needs." The 
third law, the law of use and disuse, is 
the basis for the second law, for if an 
organ or part is used it tends to develop 
and become strong, but if it is not exer- 
cised it becomes weak and will disappear. 
The fourth law, which maintains that an 
organ, organization or function once 
acquired by an organism is preserved by 
geueration, raises the question of the 
inheritance of acquired characters. We 
are all, of course, familiar with La- 
marck's classical example of the giraffe 
and the way in which he supposed it 
acquired its long neck. 

Upon these four laws rests Lamarck's 
whole concept of evolution. He starts 
witli the assumption : given certain vital, 
intimal forces which cause growth, then, 
thf living, growing organism adapts 
itfiHt to its environment because of cer- 
taiM^needs or desires; these adaptations 
perlikt through use or are lost by disuse ; 


and finally, the acquired adaptation or 
organization is transmitted to new in- 
dividuals. If his assumptions and these 
laws are true, and acquired characters 
are inherited, then the problem of evolu- 
tion becomes much simpler. 

Let us look a little more closely into 
the meaning of Lamarck's laws and ask 
first: What did he mean by growth! 
According to the first law, it is simply 
the function of internal forces which 
“increase the volume of every body that 
possesses it, as well as . . . the size of 
all the parts of the body up to a limit 
which it brings about." Thus it is not 
an unfolding process in which the im- 
plicit becomes explicit, as Augustine 
taught, nor the “perfecting tendency" 
of Aristotle. He uses growth in the 
sense of coming to maturity. But 
growth alone does not account for new 
species. “Internal forces" — what are 
these? They are the natural forces of 
life with which matter is endowed by 
its Author. He did not analyze these 
forces; he simply assumed them. 

If growth alone does not account for 
new organs or new species, how, then, 
do new organs and new species arise? 
A certain part becomes gradually spe- 
cialized in performing a certain func- 
tion; growth causes the part to grow — 
become larger; use strengthens it, and 
thus a new organ is gradually formed. 
This acquired character is transmitted 
to the next generation, other modifica- 
tions are passed on by inheritance, some 
characters being acquired and others lost 
until the very organization of the species 
is so changed that it has become a new 
species. Thus, in the last analysis, his 
evolution idea depends upon the inheri- 
tance of acquired characters and ‘ ‘ inter- 
nal forces" which he did not analyze. 
It is just these “internal forces" ^at 
we would like to know more about. 

Between the time of Lamarck and that 
of Darwin, the evolution idea fell into 
disrepute because of the strong opposi- 
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tion against it. There are, however, two 
names which we must mention, which 
belong to this period, because of their 
influence upon Darwin 's thinking. These 
men are, Lyell and his ‘‘Principles of 
Geology,*’ and Malthus with his work 
“On Population.” 

Darwin put forth his ideas concerning 
evolution in his monumental work, 
“Origin of Species.” It is not neces- 
sary to review, for the intelligent reader, 
the details of Darwinism, but a mere 
mention of its assumptions is sufficient. 
Darwin made the following assumptions : 
the extreme fecundity of nature, strug- 
gle for existence, variation, heredity and 
natural selection. 

Let us turn to a consideration of these 
assumptions. The first one is certainly 
true, nature is extremely prolific. It 
has been estimated that from a single 
pair of robins, if none die except from 
old age, there would be at the end of 
ten years over two million individuals. 
Next we come to “struggle for exis- 
tence.” Why is there a struggle for 
existence? Why do not plants and ani- 
mals succumb to the adverse conditions 
of their environment instead of main- 
taining a struggle? When the great ice 
sheets came down from the north, they 
crowded practically the entire plant and 
animal population of the entire North 
American continent into a comparatively 
small area — the southern half of the 
United States. Certainly crowded con- 
ditions existed; competition must have 
been keen ; there must have been a strug- 
gle for existence. The question is: was 
the struggle for existence due to the 
crowded conditions and the resulting 
lack of food, or was it due to some other 
reason? Certainly there must be some 
internal force or drive which forces 
plants and animals to do the utmost to 
preserve their integrity. But why do 
animals struggle? Is it to satisfy hun- 
ger? But why do they seek to satisfy 
hunger? The reply is that they seek to 


satisfy the biological needs of their or- 
ganisms. To satisfy these needs is the 
very nature of life itself, and it is just 
here that we unfold the secret. There 
is a struggle for existence because of the 
insurgency, activity and spontaneity of 
life. This being true, the Darwinian 
idea of struggle for existence is of little 
interest to use because behind it is the 
will to live which is life itself. 

Darwin merely assumed variation and 
heredity and did not try to justify or 
explain these assumptions. He insisted 
upon the idea that aU minute variations, 
which we to-day know are to a great 
extent non-heritable, were the principal 
materials for natural selection to work 
upon. He believed that all variations 
are heritable. These chance variations, 
he thought, occur in all directions and 
in all structures in a haphazard manner, 
and only the useful are selected and 
preserved. Here is the difficulty. How 
is the first, almost imperceptible varia- 
tion in a favorable direction of selective 
value, so as to effect the survival of the 
individual? What would be the value 
of the first few hairs of a mammal, that 
this variation should be of selective 
value? When we think of some of the 
complex instincts and adaptations which 
we ^d in organisms, we are led to doubt 
the probability of their arising from 
slight variations, selected and preserved 
by natural selection. 

Now that we have examined Darwin- 
ism and have considered some of the 
objections to it, we may ask two ques- 
tions ; Is Darwinism, in the truest sense 
of the term, evolution? Did Darwin 
have a philosophy of evolution ? In one 
sense we must answer the first question 
in the negative, in another in the posi- 
tive. We do not find in Darwin’s ideai 
as we did in Augustine’s, any suggestion 
of an unrolling or unfolding prooess — 
that which is implicit becoming explicit. 
The variation-selection idea certainly 
does not suggest an unfolding, but rather 
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a building-up prooess. Evolution taken 
in this sense can not be applied to Dar- 
winian. But there is another aspect to 
the question. If by evolution we mean 
biological development, the development 
of all plant and animal species from 
some common stuff by some process, then 
Darwinism may be called evolution. 
Natural selection is a mechanism by 
which the origin of species may be ex- 
plained. If there is a struggle for 
existence due to the very nature of life, 
if slight chance variations occur which 
are purely fortuitous and if the forces 
of heredity are assumed, then it is pos- 
sible to explain all the complex adapta- 
tions of structure and of function in 
organisms, instinct, intelligence — all by 
means of natural selection. As to the 
second question, we are somewhat dis- 
appointed. Darwin dealt entirely with 
the origin of species, and did remark- 
ably well, but he did not expand his 
theories to include the origin of the uni- 
verse and all things contained therein. 
It is in this sense that we must say he 
did not have a philosophy of evolution. 
Thus we see that Darwin *s concept was 
not one of unfolding, but one of up- 
building. 

While Darwinism is fresh in our mind 
we must briefly consider Neo-Darwinism. 
Weismann in his theory of germinal- 
seleetion transferred the struggle for 
existence and selection of Darwin to the 
germ plasm. He thus gave selection 
great prominence, but failed to see the 
great difSculty — the impossibility of 
verification. Germinal selection is en- 
tirely theoretical and can not be sub- 
jeeted to experimentation and verifica- 
tion. Although Weismann did not make 
any great contribution to the concept of 
evolution, we must say that he made a 
sincere attempt to explain the origin of 
all plant and animal species by a single 
proeesB. 

Another modification of Darwinism 
maQf be found in the various orthogenetic 


theories. Orthogenesis adds to the con- 
cept of evolution the idea of direction 
in evolution. Evolution is not an in- 
definite, haphazard process, but it is a 
process by which nature is getting some- 
where. Variations occur, but they occur 
in a linear direction because of what the 
previous variations have been. If this 
is true, and evolution is progressing in 
a definite direction, then it seems almost 
inevitable to assume a director or guid- 
ing force. We can not enter into further 
discussion of this point here, but will 
refer to it again later. Let us bear in 
mind, in passing from orthogenesis, that 
it is a new idea added to the concept of 
evolution. 

We must turn back in our thought to 
the time of Darwin, and consider Her- 
bert Spencer, for undoubtedly the 
reader has been anxiously looking for- 
ward to a discussion of his famous 
formula. Lamarck and Darwin, we 
found, dealt entirely with biological 
evolution, but Spencer presented a 
philosophy of evolution. It is for this 
reason that we are interested in his 
famous formula. 

Spencer's final statement of his for- 
mula stands thus: Evolution is an 
integration of matter and concomitant 
dissipation of motion ; during which the 
matter passes from an indefinite, inco- 
herent homogeneity to a definite, coher- 
ent heterogeneity; and during which 
the retained motion undergoes a parallel 
transformation." This formula he ap- 
plied to all phenomena, inorganic, or- 
ganic and superorganic. Its scope is 
broad, and nothing escapes it. It is 
applicable to all things, and thus gives 
unity to all phenomena. 

Whether it be in the dCTelopment of the 
earth, in the development of life upon its 
surface, in the development of society, of gov- 
ernment, of manufacture, of commerce, of 
language, literature, science, art, the same evo- 
lution of the simple into the complex, through 
successive diiPerentiations, holds throughout. 
From the earliest tracea^ cosmical changes 
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down to the latest results of ciTilusatioUi we 
shall find that the transformation of the homo- 
goneous into the heterogeneous is that in which 
progress essentially consists.s 

Evolution, for Spencer, was a process 
of change — a process of integration and 
differentiation. The elements or mate- 
rials of this evolutionary process — 
matter, motion and force — are not ulti- 
mate; they are modes of the unknow- 
able, as Spencer calls them. The un- 
knowable is the power, cause or source 
which is behind and responsible for the 
evolutionary process. What it is we do 
not know; but that it is, we are certain. 
Concerning matter, motion and force — 
the knowable — Spencer says that matter 
is derived from motion, motion from 
force and force from the unknowable. 
What is the unknowable? I don’t know. 
Thus we are led to agnosticism. Is, 
then, Spencer’s formula hopeless; has it 
nothing of value to offer us? Let us see. 

Whether in Spencer’s mind the for- 
mula passed for an explanation of the 
development of all things is difficult to 
say; but with many of his followers we 
do know that it passed for a final and 
perfect explanation. But, does it ex- 
plain an 3 rthing? We can hardly say 
that it does. Spencer uses the terms, 
integration, concomitant dissipation, in- 
definite, incoherent homogeneity, etc., 
very glibly, and the careless thinker 
might be led to mistake a pleasing state- 
ment for an explanation. To say that 
evolution is the integration of matter 
and the dissipation of motion does not 
explain it, but merely states a possible 
fact. It does not state what causes in- 
tegration, how matter is integrated or 
why integration of matter is accom- 
panied by the dissipation of motion. 
Even if this statement is true, and dur- 
ing the integration of matter and con- 
comitant dissipation of motion, matter 
does pass from an indefinite incoherent 
homogeneity to a definite, coherent 

* Morgan, ^'Spencer’s Philosophy of 
Science. * * 


heterogeneity, what of it? To say that 
the development of a tadpole into a frog 
is an integration of matter and coiieomi- 
tant dissipation of motion, during which 
the tadpole passes from an indefinite, 
incoherent homogeneity to a definite, 
coherent heterogeneity — the frog— does 
not explain the metamorphosis. It may 
be true, but we are little wiser than we 
were before. 

The reader may object to this criti- 
cism on the ground that the purpose of 
science is not to explain but to describe. 
But is Spencer’s formula a valid de- 
scription of evolution? No scientist 
to-day would answer this question in the 
affirmative without qualification. 

Spencer explained the world as a re- 
distribution of the modes of the unknow- 
able — matter, motion and force — but as 
soon as we inquire more deeply into this 
mysterious trio we are referred to the 
unknowable; and instead of obtaining 
an explanation we are brought face to 
face with agnosticism. Thia form of 
agnosticism does not appeal to the mod- 
em student of philosophy, and hence 
Spencer’s philosophy has lost ground. 
It is rather disappointing, after study- 
ing Spencer, to say that his philosophy 
does not throw much light upon the con- 
cept of evolution. But is there nothing 
which we have gained from Spencer? 
Certainly! He contributed two impor- 
tant ideas; first, that evolution is a 
single total process by means of which 
we can account for all things; and sec- 
ond, his idea of the unknowable as the 
force, source or power which is behind 
the whole process. We shall hear more 
of these two ideas when we consider 
more recent philosophies of evolution. 

Another definition of evolution which 
interests us is LeConte’s, which we find 
in his book entitled, ‘‘Evolution: Its 
Nature, Its Evidences, and Its Bclation 
to Religious Thought’^ (1887), The 
statement of LeConte’s definitiosi is as 
follows: “Evolution is (1) oonlMMiOtfs 
progressive change, (2) according to 
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certoAti laws (3) and by means of resi- 
dent forces.’^ LeConte, like Spencer, 
emphasizes the fact that evolution is a 
universal process, but he confines his dis- 
cussion almost entirely to biological 
development. 

What is ‘^continuous progressive 
change?” LeConte does not give us a 
satisfactory answer to this question. He 
tries to describe change by saying that 
it is like the stages in the individual — 
germ, egg, embryo, infant and matur- 
ity. This is true but it does not tell us 
what change is. He tries to explain a 
dynamic concept in static terms. What 
progressive change is, is even less clear. 
Possibly, what he meant was: evolution 
is a process of change, each change being 
an improvement in adaptation to the 
environment, and resulting in an in- 
crease of complexity. 

LeConte says that development is 
according to certain laws. What are 
these laws? His first law is the law of 
differentiation — increasing complexity 
and specialization. His second law is 
the progress of the whole. What this 
“whole” is, he does not make clear; but 
whatever it is it seems to progress in the 
direction of increasing complexity. 
Since this seems to be its chief charac- 
teristic, the second law does not add any- 
thing to the definition, but merely 
lestates the first part of it. The third 
law is the law of cyclical movement — an 
unimportant and practically negligible 
law, as he himself admits. We have 
left, after this partial sifting of this 
definition, change, differentiation and 
“resident forces.” This latter element 
we shall now consider. 

LeConte ^s “resident forces” are na^- 
wml forces and therefore resident or 
inherent, as all natural forces are in- 
herent. They are God, divine will, or 
vital force imminent in nature. Thus 
LeConte assumes Gk)d as the resident 
force which is in nature and which is 
responsible for the process of change 
and differentiation. But how this 


change and differentiation comes about 
he does not make clear to us. 

Let us sum up this definition as we 
have interpreted it. Evolution is change 
and differentiation in the direction of 
greater complexity, by means of a vital 
force. This is apparently all that we 
have left that is meaningful. There is 
nothing expressed in this definition 
which has not been expressed before; it 
merely brings some of these thoughts 
together to form one concept. Change, 
we have found, goes back as far as 
Heraclitus; the idea of complexity we 
found in Lamarck, Darwin and the Neo- 
Darwinians ; differentiation we found in 
Spencer; and the vital force or God is 
the Christian concept. Thus as we turn 
from a consideration of LeConte 's defi- 
nition to creative evolution, let us bear 
in mind that he summed up some of the 
ideas concerning evolution which came 
before his time. 

Bergson's philosophy claims to tran- 
scend both mechanism and radical final- 
ism, although it does partake of the 
second to a certain extent. His philoso- 
phy regards the world as an organized 
whole. The harmony, however, is far 
from perfect; it admits much discord, 
because each species, each individual 
even, retains only a certain impetus 
from the universal vital impulsion. 
Life, then, is the continuation of one and 
the same impetus, which is divided into 
divergent lines of evolution, each line 
preserving some of the essential causes 
working along it, and this common psy- 
chological element accounting for the 
fact that we find similar effects at the 
ends of two different lines of evolution. 

He examines the current theories of 
evolution and maintains that none of 
them is sufficient to account for the 
facts. Each represents an aspect of the 
process, and thus is only partially true ; 
they are only partial views of a reality 
which transcends them aU. Bergson 
finds in evolution an original impetus of 
life, passing from one generation to the 
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next through the developed organisms 
which bridge the intervals between the 
generations. This original impetus, 
BergsoU thinks, is sufBcient to accost 
for the facts and process of evolution. 

Bergson makes his idea of the original 
impetus clear by the use of a number of 
illustrations. A vertebrate eye, he con- 
tends, should not be thought of as a sum 
of many parts, but as having a single 
process or activity — vision. The move- 
ment of an arm from point A to B 
should not be thought of as an indefinite 
series of positions, but as a single 
unitary process. Again, he thinks of 
the process of development as a subter- 
ranean stream which is forcing its way 
through rock and sand, and whose course 
is being determined by that which it en- 
counters as well as by tbe force which it 
maintains. Or again, he thinks of this 
process as a rocket flying through space 
and bursting. 

This, in essence, is creative evolution : 

‘ * Consciousness, or supraconsciousness, 
is the name for the rocket whose extin- 
guished fragments fall back as matter; 
consciousness, again, is the name for 
that which subsists of the rocket itself, 
passing through the fragments and 
lighting them up into organisms. A 
vital impetus passing through matter — 
the inverse force — and the interplay of 
these two forces, or the unrolling of this 
conflict, is evolution. Evolution is not 
a building-up process because the parts 
are complete and finished, neither is it 
progressing according to a plan, else it 
would be created already. It is a uni- 
tary process, simple and indivisible, an 
action and not states. Prom this point 
of view 

life appears in ite entirety as an immense wave 
which, starting from a center, spreads outwards, 
and which on almost the whole of its circum- 
ference is stopped and converted into oscilla- 
tion; at one single point the obstacle has been 
forced, the impulsion has passed freely. It is 
this freedom that the human form registers. 
... As the smallest grain of dust is bound up 
with our entire solar system, drawn along with 


it in that undivided movement of descent w||iQh 
is materiality itself, so all organised beings, 
from the humblest to the highest, from the ^ 
origins of life to the time in which we are, idid 
in all places as in all times, do but evidenoS a 
single impulsion, the inverse of the movesMpt 
of matter, and in itself indivisible. All the Us- 
ing hold together, and all yield to the same 
tremendous push. 

In passing from the nineteenth cen- 
tury to the twentieth and to creative 
evolution, the reader haa undoubtedly 
been struck by the marked differences 
between the evolutionary ideas and 
philosophies of the nineteenth century 
and creative evolution, which we have 
just considered. The earlier philoso- 
phies, with the exception of Spencer, 
dealt largely with biological evolution 
and the origin of species — the products 
of evolution. Bergson is not concerned 
so much about the origin of species ; for 
him evolution is a process, a creative act, 
not states or products of evolution, but 
the process of becoming. He criticizes 
earlier evolutionists for thinking only in 
terms of states and not in terms of 
action. Creative evolution is simple and 
readily understood when compared to a 
rocket which is given an initial push, 
and which push persists throughout the 
entire movement. The movement is one 
and indivisible, its unity being essential; 
it is a single act — a single impulsion 
resisting matter. The rocket bursts and 
the sparks fly in different directions rep- 
resenting the divergent lines of evolu- 
tion ; but all is due to the single initial 
and limited push which makes the entire 
movement a single act. 

Thus as we pass from Bergson’s 
creative evolution to Morgan’s emergent 
evolution let us bear in mind these 
points: evolution is a unity — a single 
movement — and an unrolling of the con- 
flict between the original or vital impetus 
which is realizing itself in matter, and 
matter which is the inverse action* 
When we thus understand evolution, W® 
see the forest and not the trees whi^ 
our intellect insists upon examining. 
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Morgan says that evolution is the 
name we give to the “comprehensive 
plan of sequence in all natural events. ’ ’ 
Emergent evolution, then, lays stress on 
the * * incoming of the new. ' * The advent 
of life, the advent of mind and the ad- 
vent of reflective thought are salient 
examples of this “incoming of the new“ 
— emergence. The instances of emer- 
gence are beyond the ability of man to 
number, for in the physical world the 
advent of every new kind of atom and 
of each new kind of molecule is an ex- 
ample of emergence. This new molecule 
is more than a rearrangement of pre- 
existing part — it is something new. The 
characteristics and qualities of the sub- 
stances from which it was formed are 
one, but those of the new molecule are 
another, and vastly different from those 
of the elements. It is something ab- 
solutely new — a new “form of related- 
ness. “ 

In brief, emergent evolution may be 
summed up, in part at least, by quoting 
the following extracts. Diagrammatic- 
ally emergent evolution is represented 
by a pyramid. 

Near its base is a swarm of atoms with a 
relational structure and the quality wo may call 
atomicity. Above this lovel, atoms combine to 
form new units, the distinguishing quality of 
which is molecularity; higher up, on one line 
of advance, are, let us say, crystals wherein 
atoms and molecules are grouped in new rela- 
tions of which the expression is crystalline 
form ; on another line of advance are organisms 
with a different kind of natural relation which 
gives the quality of vitality; yet higher, a new 
kind of natural relatedness supervenes and to 
its expression the word ^'mentality” may, 
under safeguard from journalistic abuse, be 
nppbed.B 

As a part of his constructive philoso- 
phy Morgan takes under acknowledg- 
ment three things: 

First, we acknowledge a system of physical 
events, intrinsioally existent, as that which is 
basallj involved in our complete scheme. Sec- 
ondly, we acknowledge Qod as the ultimate 
Soares on which emergent evolution is ulti- 
mately dependent. . . . Thirdly, we also ac- 

elforgan, '^Kmergent Evolution, p. 35. 


knowledge unrestricted correlation of the kind 
Spinoza postulated under his doctrine of attri- 
butes. ... It is within such an acknowledged 
frame of reference, with its three-fold related- 
nesB of involution, dependence, and correlation, 
that world-events take their course ^'in space 
and time.’' But dependence on Gkid is iub 
specie a^tenUtatis.^ 

In emergent evolution each new emer- 
gent is a new form of relatedness super- 
venient upon the lower levels, involving 
the lower level, but the lower level is in 
turn dependent upon the higher. Evolu- 
tion is a unitary process passing from 
base to apex of the pyramid — ^from 
space- time to deity — the Nisus of which 
or activity is God. 

With this presentation of emergent 
evolution it is almost needless to reiterate 
the salient points of the concept; but 
for the sake of clearness let us restate 
them briefly. First, we find the idea 
of change or progress emphasized — a 
progress from lower to higher levels. 
But the new is not a rearrangement or 
mixture of that which previously ex- 
isted ; it is something new with new qual- 
ities and characteristics — an emergent. 
The emergent is a new form of related- 
ness supervenient on the lower levels. 
Thus the whole process is one, because 
the emergent involves the lower levels, 
and the lower levels are dependent upon 
the new emergent. The whole process 
from base to apex is psychical, and thus 
similar in some respects to Bergson’s 
creative evolution. It is diflScult to crit- 
icize Morgan’s constructive philosophy 
because he avowedly takes upon ac- 
knowledgment the physical world and 
the Nisus or God through whose activity 
emergents emerge. 

For better or worse, while I hold that the 
proper attitude of naturalism is strictly agnos- 
tic, therewith I, for one, can not rest content. 
For better or worse, I acknowledge Qod as the 
Nisus through whose activity emergents emerge, 
and the whole course of emergent evolution is 
directed. Such is my philosophic creed, supple- 
mentary to my scientific policy of interpreta- 
tion,® 

A Loo. oit., p. 116. 

® Loo. oit., p. 36. 



328 


THE SCIENTIFIC MONTHLY 


The last of our twentieth century con- 
cepts is found in Patten ‘‘The Grand 
Strategy of Evolution.’* Patten be- 
lieves that evolution is a continuous 
creative process passing from infinite 
chaos to infinite perfection, and that 
‘‘mutual service is the great creative, 
disciplinary, and saving force of nature. 
It tends to give community and harmony 
of action to her constituents, expressing 
itself in an evolution that inevitably 
leads toward the fulfilment of their in- 
herent possibilities.” 

It is evident, since evolution is a 
single process, that there is some uni- 
versal, creative process back of evolution 
and common to all phases of evolution 
— inorganic, organic, mental and social. 
For Patten, this creative process is “co- 
operation, or mutual service.” This 
law of cooperation is expressed by the 
simple fact that when two or more 
things are brought together into a 
definite spatio-temporal relation to one 
another, and act together cooperatively, 
a new thing appears with new qualities 
and new cooperative powers of its own 
which did not previously exist in its 
constituents. Water formed by the 
mutual cooperation of oxygen and hy- 
drogen is a new creation with new qual- 
ities and possibilities for world service. 
The single cell is a system of cooperating 
proteids and other agents, and its dis- 
tinctive attribute is life. Patten intro- 
duces another concept which he calls 
‘ ‘ creative drift. ’ ’ All the acts of nature 
form one continuous creative process 
which “flows out of an unlimited past, 
through the present, into a limitless 
future. ’ ’ This one great process, though 
infinitely varied in local expression, 
maintains one common direction or 
“drift” which may be expressed by the 
word progress. If we extend our con- 
cept of progress by looking farther and 
farther into the past, we approach the 
beginning and see nothing but a futile 
conflict of chaos, a primordial simplicity, 
continuity and uniformity. This is com- 


plete “freedom” with the absence of oo- 
operation. Looking forward we pass 
from a beginning in universal conflict, 
in vastness, sameness and emptiness to 
creative fulness and clarity of infinite 
organization and unified cooperative 
power. 

Patten thinks that the services and 
rightness involved in the creation of any 
particular thing always present a more 
or less pyramidal series with the “more 
general, elemental, and enduring phases 
of the creative process at the beginning 
or base, the fluctuating and special, at 
the end or apex.” This pyramid is a 
graded series passing from isolation, im- 
potence, freedom and chaos to compul- 
sion, stability, power, unity and perfec- 
tion; it is a broad pyramid of mutual 
services and constructive rightness. 

Patten’s concept will perhaps be made 
a little more clear if we draw a parallel 
between it and emergent evolution. 
Morgan calls evolution a process of emer'^ 
gence, and the new thing an emergent. 
Carbon bisulphate is an emergent — a 
higher form of relatedness — which in- 
volves carbon and sulphur, both of 
which have characteristics vastly differ- 
ent from the emergent. Patten believes 
that when elements are brought together 
a new thing is formed which he calls a 
product. This product is the result of 
mutual cooperation of the elements from 
which it was formed. Water is a new 
product formed by the mutual coopera- 
tion of hydrogen and oxygen. A further 
similarity is that of the things assumed 
as the starting-point for a constructive 
philosophy. Morgan takes under ac- 
knowledgment a physical world in time 
and space, and God as the Nisus of the 
process. Patten says that we must as- 
sume matter and energy, time and space. 
Thus the difference here does not seem 
to be one of concepts used, but of par- 
ticular terms used. A further similarity 
is in the diagrammatic representation. 
Morgan empbys a pyramid with space- 
time at its base, and divinity, theoreti- 
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cally and individual, at its apex. Patten 
also employs the pyramid with ‘'the 
more general, elemental and enduring 
phases of the creative process” at the 
base and unity at the apex. Both have 
concepts at the base and apex which are 
very similar, and within the pyramid 
there are gradations or levels. 

Now that we have examined the vari- 
ous definitions, theories and philosophies 
of evolution, we come in the end to close 
quarters with the problem, namely, the 
concept of evolution itself. Have we 
arrived at any definite results? Let us 
see, first, how the matter stands with 
organic evolution. 

Biology was the first science to lay 
any strong claim to a theory of evolution, 
hence it is not strange that many have 
associated evolution only with organic 
development. When we first turned our 
attention to the concept of evolution we 
were immediately told to go to Darwin 
or to the biologists for our answer. This 
we have done, and now we ask. What 
have we gleaned? 

What are some of the great outstand- 
ing ideas which we have found in organic 
evolution ? The first is probably the 
common origin of plant and animal spe- 
cies. Common origin is an idea which 
we traced as far back as the Greeks. 
Thales claimed that water was the source 
of all things. Others of the Greeks 
named earth, or air, or fire, or even such 
an indefinite concept as ‘ ‘ the boundless ^ ' 
as the source of all things. The great 
host of eighteenth and nineteenth cen- 
tury biologists all started with the com- 
mon hypothesis of the single cell from 
which all the complex forms of life 
developed. Thus, as we have seen, all 
the theories of organic evolution seem to 
have this one fact in common — the fact 
of the common origin of plant and ani- 
mal species. This is significant. All 
life has come from one common “stuff” 
by some process. 

If we assume common origin, immedi- 
ately we assume common descent, and a 
genetic relationship between the indi- 


viduals and the species which have de- 
scended. All the theories of organic 
evolution have assumed these things to 
be true, and the great burden of their 
proof is to demonstrate these assump- 
tions and the mechanism or process 
which will account for them. If they 
have solved this problem, well and good 
— but have they? 

The genetic relationship of species, 
the common origin of all plant and ani- 
mal life, the descent of man from some 
ape-like stock are ideas that are accepted 
by men of science at the present time. 
The study of evolution which we have 
made in this paper confirms rather than 
weakens the theory of organic evolution. 
But, strange to say, this is practically 
all that is known of organic evolution. 
Text-books on evolution at the present 
time are largely devoted, first, to the fact 
of evolution ; second, to the evidences of 
the fact drawn from comparative anat- 
omy, from embryology, from geology, 
from zoogeography and from rudimen- 
tary organs, and third, to the various 
theories, or the manner of evolution, 
the principal theories being those of 
Lamarck, Darwin's theory of natural 
selection, De Vries' mutation theory, 
and various orthogenetic and idioplas- 
mic theories. Of these, Darwin's theory 
is the most famous, but at present it is 
passing more and more under serious 
criticism. 

The plain fact is that at the close of 
the first quarter of the twentieth cen- 
tury, while the fact of evolution is 
accepted more and more, neither the 
cause, manner nor meaning of evolution 
is known. 

At the same time that these biologists accept 
descent with modification as an actual occur- 
rence in nature, they are most sceptical and 
reserred about what may be called the driving 
force behind descent. T^at is there in nature 
that has kept in motion this incredible capacity 
to produce new species? How is it that from 
age to age large and ever larger floods of new 
forms have burst forth? To this question no 
biologist has a clear and unequivocal answer.* 

« Parker, ''What Evolution Is," pp, 62-63. 
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Again we may quote from Bateson’s 
“Problems of Genetics.” 

The manj' conrerging line® of evidence point 
00 clearly to the central fact of the origin of 
forms of life by an evolutionary process that 
we are compelled to accept this deduction, but 
as to most all the essential features, whether of 
cause or of mode, by which specific diversity 
has become what we perceive it to be, we have 
to confess an ignorance nearly total.^ 

Osbom in “The Origin and Evolu- 
tion of Life“ says: 

In contrast to the unity of opinion on the 
law of evolution is the wide diversity of opinion 
on the oames of evolution. In fact, the causes 
of the evolution of life are as mysterious as the 
law of evolution is certain.^ 

We could make many more similar 
quotations from prominent present-day 
biologists and zoologists, but the author- 
ity of these three is sufficient to substan- 
tiate our statement. 

Because of this fact — that little is 
known as to the causes, manner or 
meaning of evolution — the fundamen- 
talist controversy has arisen. Because 
evolutionists admit their lack of knowl- 
edge of the causes, the fundamentalists 
go a step further and deny the fact of 
evolution. No one would deny the fact 
that the sap rises in the trees in the 
spring time, and yet we do not know the 
causes which are responsible for this 
phenomenon. 

As the scientist and the philosopher 
usually look for a cause, so we ask, What 
is the cause of species formation t If we 
assume that natural selection is the 
mechanism of species formation, then 
the question arises. What makes the 
mechanism go? This question the 
theories of biological evolution do not 
answer. None of them assumes any 
force which is the “push“ of the mecha- 
nism. This is particularly true of Dar- 
winism. An apparent exception may be 
seen in the various orthogenetic theories, 
such as that of Eimer and of the other 
orthogeneticists, which are very interest- 

f P. 246. 

« Pp. viii-x. 


ing but which merely present a mystic 
factor that is not enlarged upon. Indi- 
cations such as these do point in the 
direction of a philosophy of evolution. 

Lastly, we may say that the terms 
used by the last century biologists are 
too narrow. They talked of variation, 
selection and heredity, which concepts 
can not be employed in general evolu- 
tion. The development of life — species 
formation — is only a small part of evo- 
lution. Thus the concepts employed by 
Darwin, Spencer and the others are 
wholely inadequate when we deal with 
inorganic, stellar, social evolution, or the 
evolution of the mind. The process of 
development is one process and we must 
use such concepts as will be adequate in 
all phases of this process. 

TTius we have found that many theo- 
ries of organic evolution have been of- 
fered; but still the origin of species re- 
mains unknown and the manner of 
species formation doubtful. Darwin 
presented an elaborate and most inter- 
esting theory which held sway for over 
half a century ; but we have found that 
it is very disappointing, for as an ex- 
planation of the process of evolution it 
leaves so many unanswered questions 
that we must honestly say that at the 
present time we get little help from 
theories of organic evolution as to the 
philosophy of evolution. 

Since this is a philosophical inquiry 
into the nature of the concept evolution, 
and since we get little or no help from 
the theories of organic evolution, we 
must turn with great expectation to the 
“real" theories of evolution, or the phi- 
losophies of evolution. What are the 
philosophies of evolution which we have 
examined, and what light do they throw 
upon the concept? 

The first evolutionary philosophy 
which we met was Aristotle's. For him 
all life, yes, all things, are in a process 
of becoming. The potential — matter — 
is being realized in the actual — form or 
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idea. There is no matter without form, 
and pure form — that which has no 
matter — is the prime mover or God. 
This process of realization of the poten- 
tial in the actual goes from simple to 
complex with pure form at the end, or 
shall we say apex? H. W. B. Joseph, in 
his recent Herbert Spencer lecture, ex- 
plicitly states that he believes that this 
Aristotelian concept is the true concept 
of evolution. He says ; 

There ie no process of development unless 
what develops is all the time that which comes 
to be; and again, there is no process of devel- 
opment unless it is not in the same way so in 
the earlier and later phases. This is . . . the 
old account, put forward by Aristotle in the 
antithesis of the potential and the actual.^ 

Now let us consider the significance of 
Aristotle ^s concept of becoming and its 
similarity to more recent philosophies. 
Aristotle said that matter is realized 
in form, thus he assumed matter and 
form or idea or God, the latter being the 
prime mover. In the twentieth century 
philosophies, we find assumptions simi- 
lar to those of Aristotle’s. Bergson 
assumes matter and mind. Morgan 
acknowledges matter and God who is 
the Nisus of the process. Patten makes 
similar assumptions. Thus the striking 
fact is that most of the outstanding 
philosophies of evolution have the same 
assumptions under different, yet similar, 
nomenclatures. But the similarity does 
not end with the assumptions; there is 
further agreement. Aristotle said that 
it is a process of becoming — of realiza- 
tion. For Bergson it is a process in 
which mind is realizing itself in matter. 
For Morgan it is a process of relatedness 
due to the Nisus — God — who works 
through all. Thus we see that not only 
the materials of the process, but the 
process itself, is the same in all these 
systems. The process is the same in 
every case, but the imagery used in 
elucidating it is different. Thus it may 
be that our particular type of imagery 

0<<Tbe Concept of Evolution,'’ p. 14. 


has given rise to many difficulties and 
has been a handicap in our understand- 
ing of the process of evolution as it 
really is. This is merely a suggestion in 
which there may be hidden considerable 
truth. 

But, be it carefully observed, the phi- 
losophy of Aristotle is a philosophy of 
development rather than a theory of evo- 
lution. The process from the potential 
to the actual is a phrase capable of dif- 
ferent interpretations. It might be 
understood to claim that Aristotle’s con- 
cept of development is without points of 
comparison, or it is quite probable that 
he could have chosen some other phrase 
which would have expressed his meaning 
better than the one he did choose. Since 
the prime mover is a creative and de- 
velopmental force, attracting rather than 
compelling, this system appears to be 
what we should call a theory of creative 
evolution. 

An elaborate and captivating phi- 
losophy of evolution is that of Spencer. 
His famous formula held sway in the 
realm of thought for a long time, but 
now it is receding into the background. 
Why? Because it has not thrown light 
upon the concept of evolution. People 
to-day are seeking for an adequate con- 
cept of evolution, and as Professor 
Urban says, Spencer’s formula has 
proved very disappointing in this re- 
spect, and thus it must be laid aside for 
other and more fruitful suggestions. ’ ’ 

Evolution, we have seen, means un- 
rolling or unfolding — the implicit be- 
coming explicit. This is exactly what 
Augustine believed development was — 
an unrolling or unfolding with the im- 
plicit becoming explicit. Thus Augus- 
tine’s philosophy is true to the term. 
But in our study of more recent phi- 
losophies of evolution we have found 
that evolution is not an unrolling but a 
building-up process, in which something 
new is constantly added. Thus in the 
recent systems we find great emphasis 
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placed upon the new and upon creation. 
The molecule is something new, the 
crystal is something new, life is a new 
attribute, mind is a new quality. The 
new was not implicit becoming explicit; 
it is a creation, an emergent. The new 
Ford car was not implicit in the chariots 
of the Pharaohs; it is the result of a 
building-up process, each addition being 
a new creation. The cinema was not 
implied in any of the ancient civiliza- 
tions ; it is a distinctly new factor in our 
modem social life. Thus it seems that 
the term ‘'epigenesis** would be better 
than evolution since the process is one 
of up-building. True, but associations 
have grown up about this term in biol- 
ogy which would make it undesirable. 
Also it is a forbidding, harsh-sounding 
word which makes it unpopular. Are 
there other possibilities? Is there not 
some other term which would better de- 
scribe the process? If the meaning of 
evolution is that it is a creative process, 
as we believe it is, in which something 
new appears at every step, then evolu- 
tion is a process not of unrolling, but of 
up-building, and every change is a trans- 
formation. Thus the French word 
transformisme is a much happier term 
than the English evolution, or the Ger- 
man Entwickelung. 

Again we may call it organization, for 
we have seen that the new does not come 
as a process of unrolling or by a mere 
addition process, but as the result of 
organization. This term seems to be 


better than the old term evolution, but 
even it is not descriptive of nature *8 
efforts. If we employ this new term 
organization, we are led to assume some 
organizing force, a life force, 6lan vital, 
or a creative God. We have seen that 
all the recent philosophies of evolution 
assume or take under acknowledgment 
some such force. It is on these “forma- 
tive forces,** forces that are creative, 
cumulative and synthetic, that our in- 
terest is centered. 

Thus we have come to believe that the 
problems of evolution are metaphysical. 
We are at an end of biological philoso- 
phies. “The doctrine of emergent evo- 
lution and of metaphysical levels means 
the break-down of naturalistic evolu- 
tion.**^® “Thought,** says Urban, “is 
in the position either of abandoning the 
concept of evolution as in any sense a 
world concept or else making life the 
ultimate concept.** What, then, is the 
outcome? Just this, that we must first 
unthink all our nineteenth century ideas 
and approach the problem anew. We 
have found that evolution is not an un- 
rolling or unfolding process — the im- 
plicit becoming explicit — as the term 
would indicate, and as we thought; but 
it is a process of building up, a process 
of emergence, or a process of creation 
which we may call, as Dr. Patrick has 
suggested, creative effort. 

30 Urban: '^ProgreBS in Philosophy in the 
Last Quarter Century,” Philosophical Esview, 
March, 1926, Vol. 35, No. 2. 
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These reminiscences of botanical ad- 
ventures will perhaps be considered 
trivial, even frivolous, by serious read- 
ers. An account of them might moni 
appropriately be called confessions and 
they may have some value as a warning 
to the heedless. 

When I took up my botanical studies, 
if they can be described by such a digni- 
fied term, Professor Edward Lee Greene 
occupied the chair of botany at the Uni- 
versity of California. Among his stu- 
dents at that time were Willis Jepson, 
V. K. Chesnut, Walter Blasdale and sev- 
eral others whose names have become 
well known as botanists and collectors. 

My first confession is that I took up 
the study of botany without any par- 
ticular consideration and continued it 
without any serious purpose. The occa- 
sion of my commencing was probably 
the fact that my college chum, Chas. A. 
Michener, had enrolled in Professor 
Greeners courses, probably to find an 
outlet for a fertile imagination and a 
large amount of spare time, neither of 
which was suflflciently occupied by his 
prescribed courses. Michener had the 
remarkable and useful faculty of pass- 
ing a first section examination in any 
subject without previous study. 

Botany in fact was not a study for us 
but a sport. We used it not as a means 
of obtaining credits in prescribed sci- 
ence but as a substitute for football 
games, track events, writing poems for 
the Occident and similar campus activi- 
ties. We belonged to none of the recog- 
nized schools of botany. We were not 
physiological nor cytological nor ecolog- 
ical botanists, hardly even taxonomic or 
systematic botanists. We belonged per- 


haps to the romantic school of botany. 
We used the field of botany not as a 
laboratory but as a play-ground. Our 
heroes were not DeBary nor Strasburger 
nor Zimmerman, not even Prantl and 
Engler, but Theophrastus, Rafinesque 
and Edward Lee Greene. 

The idea of utility in botany was ab- 
horrent to us. If a plant had a known 
cultural value we despised it. Any 
plant which attracted the attention of a 
farmer or of a gardener was character- 
ized by the contemptuous epithet of 
‘‘vegetable’^ and we refused even to 
learn its name. 

We spent the first weeks of our first 
course in learning the technical terms of 
the game. We were taught by Professor 
Greene that to speak of “a plant with 
roundish leaves that grows in the 
woods’^ was indefinite. To describe a 
leaf as peltate, with repand margins, 
fugacious stipules and tomentose indu- 
ment was both definite and impressive. 

We dabbled later a little in plant 
physiology and cytology with Professor 
Osterhout, but these activities were not 
botany as we understood it. 

Later we were introduced to another 
series of terms by means of which we 
were to arrange plants in orderly 
armies, corps, battalions, regiments and 
companies. We learned the insignia of 
the armies of the Exogens and of the 
Endogens, the dress and accoutrements 
of the Chloripetalae, the Sympetalae 
and the Apetalae. We learned the 
position and relation of the Oraminae, 
the Leguminosae and the Rosaceae. 
We learned shibboleths which enabled 
us to distinguish a papaver from a 
crucifer and a labiate from a scrophu- 
larid. 
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At this point we commenced the real 
business or sport of botany. We were 
instructed in the art and mystery of 
collecting. We were shown that the 
successful collector did most of his work 
on his hands and knees. We learned 
that a rest of fifteen minutes on a grassy 
knoll or the edge of a swamp was often 
more fruitful in discoveries than a hur- 
ried walk of half a day. We were 
taught that a perfect specimen consisted 
of a whole plant, including fruit, flower 
and root. 

In our striving for perfection this 
ideal turned our attention to the smaller 
forms of the higher plants. With the 
specifications, it seemed impracticable 
to prepare perfect specimens of a 
sequoia or of an Echinocystis megarhiza. 
Later we discovered methods of approxi- 
mating our ideal even with many shrubs 
and trees. Some, however, such as most 
of the conifers, remained permanently 
outside the field of our endeavors, owing 
to another limiting rule which confined 
a specimen to the size of a standard 
genus cover and required it to be sus- 
ceptible of filing in out standard 
cabinets. 

We were given certain rules based 
principally on the structure of the flow- 
ers. These flowers we dissected for ex- 
amination, and interpreted our observa- 
tions by means of analytical keys. One 
limitation of this examination was that 
it should be made with the unaided 
senaes or at most with the aid of a pocket 
lens. Any character which could be 
perceived only by means of a compound 
microscope or of a test tube was of no 
value. You could not add a laboratory 
to the pack which a collector was obliged 
to carry. 

The use of the senses was interpreted 
in a very liberal way. We became ex- 
pert in detecting families, genera and 
species by smell and taste. In this, how- 
ever, our skill never equaled that of 
Professor Greene, who was enabled to 


separate the Cichoriaceae from the 
Compositae and align them with the 
Lobeliaceae by the facts that the odors 
of Lactuca virosa and of Rafinesquia 
produced nausea in the human species 
and that Lobelia and Sonchus were 
eaten with equal relish by the bovine. 
These facts account for the disdain with 
which we looked upon the “closet bota- 
nist*^ and his paraphernalia of micro- 
scopes and of desiccated and fragmen- 
tary type specimens. 

Finally, as skill increased, we became 
independent of rules. By intuition 
we were able to place a new plant on 
sight within a few lines or pages of its 
proper position in “Flora Franciacana.** 
Though there was some loss in accuracy, 
there was great increase in speed which 
was of importance in amassing and 
labeling a large collection. Our ambi- 
tion at this stage was to possess a her- 
barium containing all the species of Cali- 
fornia and most of those of the world. 

In determining the exact place of a 
species new to us, however, we still had 
to do some humdrum and time-consum- 
ing work with analytical keys and de- 
scriptions. In desperation we would 
often take our specimen to Professor 
Greene and he would usually obligingly 
furnish us with its name. Sometimes, 
when he was busy, he would refer us to 
his favorite and star pupil, now known 
to all botanists as Professor Jepson. 

Professor Greene was inclined some- 
times to be mildly sarcastic. Once when 
I brought him a specimen which had 
foiled me he remarked, “Why, even 
Jepson knows that 1 * * 

Our method in tracking a species to 
its lair in the pages of “Flora Francis- 
cana** was, after making a usually suc- 
cessful guess at the genus, to trace it 
through the species key with occasional 
reference to the full description. It was 
essentially a method of determination by 
elimination. If there were ten species 
in the key and we satisfied ourselves that 
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it could not be any of nine we concluded 
that it must be the tenth. 

This method was often successful so 
long as we confined our collecting to the 
immediate bay region. On one mem- 
orable occasion, however, we were in- 
formed by Professor Greene that not 
only was our specimen not of the species 
we had chosen, but that it was not any 
one of the species described in the 
‘ ‘ Flora. It was, mirahile dictu, an 
addition to the ' ' Flora, ’ ’ a species 
which had escaped the eagle eye of Pro- 
fessor Greene himself. 

Most of the additions made in this 
way at first were introduced plants and 
those which we found were much fewer 
than those found by Professor Greene 
himself during the same period. We 
were rather piqued at this and almost 
suspected him of scattering foreign seeds 
one year to be found and chronicled as 
introduced weeds the next. 

Our operations, which commenced on 
the campus, were confined for some time 
to the hills, plains, cafions, marshes and 
vacant lots of the immediate vicinity of 
Berkeley. Its fiora was and undoubt- 
edly still is very rich and for many 
months we rarely failed to add several 
species to our collections on each trip. 

In time, however, we were reduced to 
the counting of the number of species 
which we could see in bloom on a trip 
and to making sets of specimens of any 
species which we found abundantly in 
perfect condition for collection. In this 
way we become very familiar with the 
species of the Alameda and Contra Costa 
side of the bay within four or five miles 
of the shore. We also accumulated a 
fair collection and a considerable supply 
of exchange specimens. 

To give scope to our ambitions and 
energy, we were soon obliged to extend 
our forays. We tackled first the sand 
hills between San Francisco and the 
ocean, the hills and valleys, the woods 
and marshes of the Marin County penin- 


sula and finally pushed our raids as far 
as Mendocino and Santa Cruz along the 
coast and to Mount Diablo in the in- 
terior. 

It was at this time that we first ex- 
perienced the joy of collecting a new 
and unrecorded species. This added an 
excitement and zest to our collecting 
that changed it from a mere recreation 
to a serious pursuit. We found that 
other hunters were engaged in pursuing 
the same game. We began to look upon 
them as interlopers and trespassers, es- 
pecially when we found them invading 
territories that we had come to consider 
our own. 

In our appropriation of territory our 
morals and customs were similar to those 
that prevailed in the division of hunting 
grounds among the Arapahoes and the 
Blackfeet. Certain regions we consid- 
ered our exclusive territory. Other 
regions we respected as belonging to 
hunters of friendly tribes. A few in- 
considerable regions were held to be 
common property. 

The outer coast ranges and valleys 
from Mendocino County to Santa Cruz 
we appropriated unconditionally, with 
a certain tolerance regarding the San 
Francisco sand hills and Mount Tamal- 
pais. Contra Costa and Alameda coun- 
ties we considered common and hardly 
worth fighting for, the game being prac- 
tically exhausted. The Sacramento 
Valley and the Vaca Mountains we re- 
spected as the domain of Willis Jepson 
witli whom we were at peace. Certain 
freak hunters, like Professor Howe, who 
pursued mosses and hepatics, or Walter 
Blasdale, whose game was smuts and 
rusts, were considered harmless and al- 
lowed to wander at will. Victor Ches- 
nut we looked upon as an enemy and an 
outlaw. He had collected a Ribes and 
a Trifolium in the Napa-Sonoma Moun- 
tains in the heart of our main hunting 
grounds. If we had known his terri- 
tory we would have invaded it without 
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temple. To oaptare a betntifnl and 
tpptimtly new £tbe< in a remote gorge 
on the elopea of Hood ’a Peak, to bring 
it baok to eamp in triumph and then to 
flxtd that it had already been branded 
fiibee Victoris was intolerable. 

Professor Qreene as the Great Chief 
was of coarse free from all restrictions. 
We had too much to gain from his 
friendship to object to his hunting on 
our groiuds. It was Professor Greene 
who used the names Miehener and Bio- 
letti several times in christening some of 
our discoveries. For this we were deeply 
grateful. 

It was at this time that the great 
tragedy of my plant-hunting career oc- 
curred. From a distant foray on the 
San Joaquin River I brought home an 
inconspicuous plant which Professor 
Greene pronounced not only a new 
species but a new genus. He named it 
and published it as Bioleitia riparia. 
Alas I Some meddling investigator ex- 
amined the specimens and, seeing a 
chance to scalp the professor, stated that 
it was an old and introduced plant 
already named. Professor Gibene later 
acknowledged that the plant was per- 
haps not a new genus but maintained 
that it was a new species of so divergent 
a form that it was doubtful whether it 
should be retained in the old genus. 

Of course I sided with Professor 
Greene ; especially u Miehener kindly 
pointed out that a mistake this kind 
made my name ineligible forever as a 
generic name and spoiled my chance 
of standing beside the prototypes of 
Vtmcouvtria, Zansdkiuria and Fsoh- 
idholtiia. 

During all this time we wera eemtinu* 
ally adding to our herbarium by coUec- 
tion and exchange. We found that new 
and rare species were in particular de- 
mand. In fact, a single specimen of a 
rare species often secured m seveznl new 
names. for our herbarium. ^ Smne xA 
tiiese species had a very liniited xsiiige or 


perhaps only a idni^ localiliy- We aMM 
tempted to try to conmr the mailuii 
We laid dark plots to eoUeet a lacfe 
supply of specimens of the rarest and 
then to exterminate the species. 1 am 
glad to be able to say that we never ca^ 
ried out any of these plana 

After about two years of active col- 
lecting, our herbarium began to assume 
the proportions and characteristics of 
white elephants. I was labeling and ar- 
ranging mine, receiving and sending 
off bundles of exchange spedmeos dar- 
ing every spare moment. Miehener had 
the advantage of possessing a well- 
trained and accommodating mother and 
sister, who did much of the work for 
him. At length we were forced to the 
conclusion that a man who had to make 
his living must either give all his time to 
botany or much less than we were giv- 
ing. We decided, therefore, to emnbine 
our collections, to get rid of all our sur- 
plus specimens and to cease ex ch a n g in g. 
This enabled me to do a little college 
woric and graduate. We could not give 
up botany altogether, however, but swal- 
lowed our pride and changed from col- 
lecting to "closet botany." We spent 
what time we could spare in studying 
our collections, the collections othen 
and the literature of the subject. 

It was at this period that we experi- 
enced the joy not only of finding a new 
q>ecies but of describing and pubhshing 
it. New species were hard to find, but 
we publiriied several. I am not sure 
whether other botanists accepted our 
work— botanists are a jealous tribe— but 
we had great confldrao^^ in it. If my 
name was ineligible as u genua name 
there was no limit to the number of spe- 
cific names it ought follow. 

We soon found that there ivere muA 
more prolifle waya of having your Uallil 
attached to species than by .fiodifig:;#,;; 
deaeiibiBg, new ..ones. ^ TbiM 
eral.s^mmes, '' 
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One was to take an old recognized 
8i)eeies and split it up into a number. 
We found that one ingenious operator 
liad taken the (‘ommon blackberry of 
England and divided it up into twenty- 
five or thirty packets, all but one of 
which he named and to which he thereby 
obtained the right to attach his name. 

Allot li or scheme was to combine or di- 
vide genei'a. It was evidently possible 
by this means to bag an unlimited num- 
ber of sj)ecies. Professor Greene was 
very skilful at this game. 

A most excellent and fruitful scheme 
was to take a Linnaean genus and give 
it a name which it probably had in the 
Middle Ages. In this way one could ap- 
propriate even the common or garden 
vegetables. This, however, re(iuired an 
amount of learning and research that 
daunted us. Besides, Otto Kuntze had 
already made this game scarce. 

All those schemes, however, had one 
great objection. They irritated your 
fellow botanists. It disturbed their 
ideas, ospccially those of the amateurs. 
It depreciated the value of the stock of 
knowledge in which they had a painfully 
acquired vested interest. 

Chas. Michener, with his usual inge- 
nuity, contrived a scheme which was 
free from all the objections to these 
schemes and at the same time was easy 
of application and fruitful beyond any 
of them. 

It was similar in princij)le to the de- 
vices by which astronomers are enabled 
to announce the existence of stars before 
their actual discovery and by which 
chemists reveal th^ qualities of elements 
and compounds wjich no man has seen 
or handled. 

Michener based his invention on ob- 
served facts of current botanical taxon- 
omy. A genus is a group of plants hav- 
ing certain fundamental characters in 
common which distinguish them from all 
other plants. These characters indicate 
a relationship which it is convenient to 


recognize by uniting the plants of the 
group under the same name — the genus 
name. 

In this group are smaller grou])s, 
each of which has certain other less fun- 
damental characters by which it is dis- 
tinguished from all other members of 
the genus group. These smaller grou{)s 
arc called species and each is given a 
specific name to which the author is per- 
mitted the honor of adding his own. 

Michener noted in analyzing the de- 
scriptions of specific differences in vari- 
ous floras that the number of characters 
relied on to distinguish a species were 
few. While the description might be 
lengthy and the characters mentioned 
many, most of them differed from those 
of H closely related specie.s by variations 
in degree which overlapped. The essen- 
tial differeuees in kind were usually few. 

Miclicncr, in order to initiate his 
scheme, wOiich we were convinced was 
destined to work a complete revolution 
in systematic botany, prepared a test 
manuscript. 

'‘I have hero,’' said Michener, in pre- 
senting his manuscript to Professor 
Greene, *‘thc description of a new 
species of Burbankia which I would 
be glad to offer for publication in 
Erythca, ’ ’ 

Professor Greene read the desicription 
and remarked, “This appears to be a 
well-marked species. I should like to 
see the type si)ecimen. Where did you 
find it?” 

“It has not yet been discovered,” re- 
plied Michener. 

“Not discovered! Well, then, there is 
no such species. How can you describe 
what doesn 't exist ? ’ ’ 

“Allow me to explain. Professor 
Greene. It is really very simple. I 
have noticed that in your monograph of 
the genus Burbankia you have described 
and named two species, B. concinna and 
B. amoena, -which so far as can be 
learned from the descriptions differ 
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only in the shape of the leaflets. In 
concinna the leaflets are linear lanceo- 
late; in amoena, linear obcordate. Now 
my species, B. decora, differs from both 
of these simply by the fact that the 
leaflets are linear spatiilate. It has, 
therefore, equal standing? with the other 
two.'’ 

‘‘Nonsense! Youiipf man, you are too 
modest. The difference is much greater. 
Vour plant does not exist and therefore 
has no leaflets at all.” 

“Your observation. Professor, that it 
does not exist may or may not be cor- 
r(*ct but in any ease it is not a valid 
objection. 

“In the first place, you may be mis- 
taken. It may exist and only be await- 
ing a more thorough search of our flora. 
In the second place, if we examine care- 
fully the fossil ilora of the world we 
will find that few or none of the species 
described by Linnaeus, Bentham and 
Hooker, Asa Gray or even by yourself, 
Professor, existed a few hundred thou- 
sand years ago. 

“This examination, if done critically, 
however, will reveal numberless species 
(dosely related to those of the present 
day. Many differ no more from species 
of the present day than does Burhankia 
amoena from B. concinna. An alert and 
acute botanist in the age of Sequoias 
could easily have to rescon and described 
one or more of the, essential specific dif- 
ferences of S. giqantea and S. semper- 
virens, evmi though these modern species 
did not then exist or were so rare that 
they had cs(!aped the notice of the most 
active collectors of the time. An un- 
usually learned monographer might 
even have foreseen Biolettia riparia. 
Therefore, we have every reason to be- 
lieve that in the next hundred thousand 
or million years evolution. ...” 

“That is enough, Mr. Michener. If 
you are serious, it is evident that you 
have a most de])lorably false conception 
of the, world and of its origin.” 


Professor Greene was probably not 
convinced of the theory of evolution. 
The manuscript was not accepted. 

Thus was an idea of unlimited possi- 
bilities stifled and the career of a 
brilliant taxonomic botanist blighted at 
its inception. 

The idea was perhaps not altogether 
original with Michener. There is evi- 
dence that it had already been conceived 
and used by Samuel Constantine 
Rafinesque, who lived in the early part 
of the last century. 

Rafinesque is the author of a large 
number of works on botany, eonehology, 
paleontology, anthropology, lii.story, viti- 
culture and most other profound sub- 
jects. The monumental character of his 
work is indicated by such titles as: 
“The American Nations, or Outline of 
their General History, Ancient and 
Mod(‘rn, Including the Whole History 
of Mankind, etc., etc.”; '*Antikon 
boianikon; or Botanical Illustrations of 
2500 New, Rare or Beautiful Trees, 
Shrubs and Plants, etc.”; Neogenyton; 
or Indications of Sixty-six New Genera 
of Plants of North America.” 

That a man should find and de.sc^ribc 
such a vast number of genera and 
species was remarkable. Some consid- 
ered him insane. Others explained it by 
his travels and collections in wild re- 
gions inhabited only by hostile Indians 
and where no other botanist had been 
hardy enough to penetrate. This ex- 
planation is rendered probable by the 
fact that some of Rafinesque 's plants 
have since been discovered and his 
names accepted. It is hardly possible, 
however, that so many undiscovered 
species and genera still exist in the 
United States. 

Michener 's explanation is the most 
plausible. Rafinesque, according to 
Michener, simply described species and 
genera which his observations and in- 
tuition told him might exist or, if they 
did not, would undoubtedly be brought 
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into exisicnee in the orderly processes 
of evolution. Rafinesque thus not only 
anticipated Darwin, but was far in 
advance of even the most modern of the 
Neo-Darwinians. 

Mi eh oner was quick to perceive the 
immense possibilities of Rafinesque ’s 
inetliod and oft(‘n described to me the 
wa.y in which he proposed to develop it. 

Any form of ])lan1 is possible, in fact, 
given unlimited time, all forms are in- 
evitable. Some, however, will mpjire 
millions or trillions of years to evolve. 
The pressing and interesting matter is 
to foretell and describe those which will 
evolve in a few thousand years or less. 

To do this all that is necessary is to 
determine exactly, by a careful study of 
geology and paleontology, the general 
character and direction of evolutionary 
changes in the various orders, families 


and genera. With these data and the 
well-known device of extrapolation, it is 
perfectly simjdc to determine in their 
main outlines the characters of future 
species, genera and orders. “If this 
work is carefully and skilfully done, “ 
he said, “and on a sufficiently compre- 
heii.sive scale, the systematic botanist of 
the future will have no need to dispute 
about names or priority. All he will 
have to do is to search for type speci- 
mens and place them in tlie proper 
pigeonholes, labeled with the correct 
names which T will have already pre- 
pared for them. “ 

]Iow much work and uncertainty 
would have been saved to the botanical 
clubs of all times if this great and orig- 
inal ideal had not been demolished by the 
untimely orthodoxy of Professor Ed- 
ward Leo (jreene! 



THE MUSEUM OF SCIENCE AND ITS RELA- 
TION TO INDUSTRY 


By Dr. F. C. BROWN 

IUlll-X’TUl’v OF THE MUSEUMS OF THE PEACEFUL ARTS, NEW YORK 


In any type ol’ museum there is some 
j)urpose toward which it is aiming, but 
(juite frequently the service that a mu- 
s(*um renders may be more im])ortant 
outside the field of its main endeavor. 
However, it makes for efficiency if the 
purpose can be defined and the re- 
sources of the institution can be cor- 
ralled to meet the main purpose. 

In the old sense a museum was re- 
garded as a depository j)rimarily, and 
secondly, as a place of research and edu- 
cation. 1 propose to picture to you the 
museum of science primarily as an edu- 
cational institution, but one which makes 
use of the principles, laws, jirocesses and 
achievements set forth in their historical 
relation, and if this picture is well pre- 
sented, it should be clear that the mu- 
seum is, in a way, the warp and woof of 
industry. 

This museum differs fundamentally 
from our universities, colleges and high 
schools in that it is freer and more demo- 
cratic, and quite inadequate for pur- 
poses of developing moral and mental 
qualities which come from regular class- 
room work with ])unishment and re- 
wards of certificates and diplomas for 
excellence. I do not anticipate that the 
museum will give a course in calculus or 
geometry, or that it will even teach the 
multiplication table. It is apparent, 
therefore, that the museum can never be 
a substitute for a college education. It 
can, at its best, only aid the other. educa- 
tional institutions and fill educational 
gaps in the development of the layman. 
It follows that the museum as an educa- 
tional institution must necessarily have 
exhibits which attract os molasses at- 


tracts the fly. The museum director 
must not only be a man experienced in 
science and education, but he should also 
master practical psychologj^ and the art 
of showmanship second only to Mr. 
Bamum. 

The permanent location of the indus- 
trial museum should be near the trans- 
portation center, where all the schooLs of 
the metropolis can reach it most advan- 
tageously and also where the thousands 
of daily travelers from outside the city 
may find it easy to utilize an extra hour 
or an extra day. It is axiomatic that 
any newsboy or any policeman ^should be 
able to direct the stranger to the mu- 
seum and that a minimum time should 
be required to reach it, without the fear 
of going astray. You will quite agree 
that building an industrial museum 
worthy of the greatest industrial nation 
is no small task. 

The great purpose of our indixstrial 
museum is to interpret our mechanistic 
age for all classes and professions. 
Words, however well expressed, can only 
give a vivid understanding when first- 
hand experience furnishes a background. 
This is a huge undertalcing, but perhaps 
not as difficult or complex as that of the 
Rosenwald Museum, which proposes a 
social interpretation for the visitor in 
addition to the technical exposition. 

The man who has climbed to the top 
of a high mountain and viewed the snow- 
capped peaks beyond is the only one who 
can know the ecstasy of the mountain 
view. He who has lost a dear friend is 
best in position to understand the mean- 
ing of such a loss to others. He who has 
worked twenty-four hours consecutively 
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BY PBE8SING THE BUTTON 

THE VISITOR CAN SET IN OPERATION THE ABOVE SIXTEEN WAYS OP llANULINO FLUIDS. TUESE WORK 

IN PAIRS. For example, a bailing scoop furnishes water fob Archimedes Screw and tiif. 

Aboiiimfjies Screw returns the water to the bailing sc;oop. 

knows best the meaning of work, and he greatly improved his possibility of iiii- 
who has been truly hungry for a long derstanding. 

period understands hunger pangs. The In the vast divergences that our in- 
man who has lived with the stars on the dustries have taken with myriads of 
lonely prairie or in the astronomical machines, what hope is there that man 
observatory gets much more understand- can understand to-day and to-morrow 
ing of the vastness of space than one the meaning of things? Language at its 
who reads any quantity of books without best is so inadequate to convey the ideas 
obser\dng the stars or any of the phys- where there is lacking the background, 
ical phenomena connected therewith. If even if we had unlimited time to read, 
the book student has only seen the stars Thus the industrial museum comes in to 
at night and has observ’cd the spectra of fill the gap, to portray the growth of the 
gases in the laboratory he will have industries and the underlying sciences 
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HELF-DEMONSTRATING MODEL OF THE 
GYRO COMVAHH 

TfiK MllHHIlJt MAN I) MAY UK U.SKD TO UEPKESKNT 
aUAVlTY. 

for the common understanding of all 
people. 

Bot'ore stating the aim of the museum 
of Ncieiicc ns n basis of an educational 
institution which serves industry nt 
largo, I would like to give the philo- 
sophic hackgi'ound. You will recall that 
our ancestors loi- centuries upon centu- 
ries were herdsmen who gazed at the 
stars by night and wondered. This 
wonderment led to the develoi)ment of 
astronomy, and mathematics was <le- 
veloped early as a handmaid tlicreto. 
Thus, astronomy and mathematics 
should be the background of a museum 
having to do with the physical sciences 
and industry. It is the way the race 
began. 

If we study carefully the ancestors of 
man as the science, of astronomy de- 
veloped, we will get our cue for the basis 
of deep interest in all lines of the science 
museum. Regardless of how busy men 
are, whetlier in manufacturing, mining, 
agriculture or business, they yet exhibit 
a latent interest in the unknown forces 


of nature, whether in the atom or the 
stars, that is just as deep-seated and 
more far-rcaching than man’s interest in 
the prizefight, baseball or football. I be- 
lieve the reason is clear, namely, that 
just as man for centuries has taken a 
keen interest in the devoloi)ment of those 
(pialities manifest in the prizefight and 
baseball, for just so many centuries his 
mind has been engrossed with the desire 
to extend its mental horizon, to know 
what is in the earth and undcj- the (‘arth. 
Perhaps there is only one greater allure- 
ment for man, which is, to s(*e beyond 
the end of life. 1 regret that the science 
museum, so far as 1 can visualize, never 
will be comj)etent to open the door to 
this greatest allurement, but every other 



THE VISITOR DRAWS SMOKE INTO THE 
CHAMBER IN THE MICROSCOPE 

BY USE or THE BULB, AND HE OBSERVES THE 
MOTION or THE PARTICLES DUE TO MOLEOUI.AR 
BOMBARDMENT. THE MOTION IS KNOWN AS THE 

Brownian Movement. 
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A SMAIJ. BADIO BKNDING STATION 

VVIIEIH': ONE CAN VHODIU'E VTSIUEE STANI)IN(i 
KAIHO WAVES. 


pliase of oxlondiiig the bounds of the 
unknown is open to tlic niust'um of sci- 
ence, both us a means of nllurinjf tlie 
visitor and as a means whereby his at- 
tention will be held and his education 
impT'Oved. 

11 is not only the small boy who eter- 
nally d('mands ^‘wliy?’’ and ‘diow?” 
for the adult also wonders, when he sees 
a mechanical marvel, how is it operated, 
and the science museum answers his 
questions better than any lonjjf technical 
explanation, which, in many cjiscs, would 
ft’o far o^er the head of the average 
questioner. For example, a man in 
(rrand Central Terminal sees the trans- 
atlantic plane Bremen^ suspendt^d above 
New York's first railroad train. As he 
ffazes at this historic plane, many ques- 
tions naturally i*un through his mind, 
particularly if he has the time to day- 
dream. He wonders how one small pro- 
peller can carry such a huge object in a 
non-stop flight across the Atlantic ; he 
wonders how much air speed is attained, 
and the relationship between the air 

1 This historic plane will at a later date be a 
centerpiece in the aviation department of the 
museum. 


si)ccd and the lifting power. He may 
(*ven wonder as to the rising speed of the 
plane when it was loaded with 8,600 
])()unds’ weight, and its landing speed 
when ils gasoline was nearly exhausted 
so that it weighed less thini 3,000 
l)ounds. He may wonder as to the 
])i‘inciple of the instruments that made 
this air s]ieed known to Colonel Fitz- 
maurice and Herman Koebl. He is 
likely to wonder how the aviators knew 
their altitude, their j)Osition in space, 
and many other similar questions. The 
visito!* can answer many of these ques- 
tions for hims(‘lf by operating exhibits 
in the Museums of the Peaceful Arts. 
Not oidy is there a Fairchild aeroplane 
in which ho can sit and see some of the 
tilings that haiipen, but outside the 
plane there will be individual exhibits 
which will explain most oi the myste- 
rious principles and instruments in- 
volved in an aeroplane. 

As we all know, about a century ago 
the science of asti’onomy in a measure 
b(*gan to give way to the deveiopmont of 
the other sciences, so that following after 
astronomy and mathematics the museum 
of science should show the elements of 
the other sciences, and it is common 
knowledge that out of these sciences has 



WITH THIS, THE VISITOR MEASURES 
THE BURSTINGt STRENGTH OF SAMPLES 
OF PAPER 
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VISITOR OBSERVING THE AIR SPEED 

AND CORRESPONDING LTPT OF A MINIATURE AERO- 
PLANE IN WIND TUNNEL. 


grown an industrial age the like of 
which the world has never before even 
dreamed. You well know the auto- 
inoliile, the aeroplane, the telephone, the 
radio, the skyscraper and thousands of 
industries are made possible in every 
state to-day as a result of scientific re- 
search. Any industry, not excepting 
agriculture, that does not avail itself of 
the benefactions conferred by science is 
in a bad way, and the conclusion is 
axiomatic that an industrial museum 
whieli is both attractive and educational 
can do its work best if it features well 
the elements of industry, which are the 
elements of science. 

If you wish to know what makes the 
skyscraper possible, you will have to 
look farther than the architect, and 
study the laws of brick and steel and 
electricity. 

There is another basis of attraction 
which is also quite deep-seated. It is the 
more sordid one which concerns the eco- 


nomics of our daily living. If the 
museum of science can train the layman 
to be more intelligent in his daily activi- 
ties, so that he can be a more useful citi- 
zen or so that he can better supply his 
own needs, it will cause the public to 
flock to its doors fully as much as it does 
to the department store or to the trade 
show. One needs only go to tlie radio 
show or the aviation show to find that 
there is considerable human interest in 
the things that concern our daily life. 
In the museum of science the visitors 
can learn much concerning food in rela- 
tion to personal well-being. In Munich 
I observed recently that the food exhibit 
had more attraiding power than all the 
other exhibits in chemistry. If the 
visitor can learn the elementary proper- 
ties that make an article of dress meri- 
torious, such as qualities of wear, quali- 
ties involving cleaning, qualities of color. 



VISITOR OPERATING A MODEL OF THE 
KILL VAN KITLL ARCH 

AND 0B6ERVIN0 THE DEFLECTION OF VARIOUS 
PARTS OF THE BRIDGE. WHEN COMPLETED, THIS 
WILL BE THE LONGEST ARCH IN THE WORLD. 



THE MUSEUM OF S(UEN(^E 


345 



AN OLD TELESCOPE 

One or the two used by Butiieufurd to take photckiuai'hs of the moon and 

THE constellations. 
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O.NE OF EJHHON'S EARLY TINFOIL 
PIIONOCJRAPHS 

such as fastnoss of color, color harmony 
and tJ )0 like, ho will bo able bettor to 
make his pocket-book moot his income^ 
and to reduce the waste arising from the 
manufa(*ture of inferior products. 

If the manufacturer and the laymen 
learn the relative value of bursting 
strength or t('nsi](* sti'cngtli as applied to 
hosiery or linen, the waste in manufac- 
lure (-an be very much reduced, and 
more imporlant than this, the waste in 
distribution; for I am making the state- 
ment without fear of contradiction, that 
the greatest need of the manufticturcr 
to-day is to have a more educated |>ub1ic 
or at lea.st a public that is more readily 
educated. 

The inHiiufacturor uses billboards, 
hand bills, and many objectionable 
methods of advertising, only because he 
must, and so on with all the things that 
people buy to meet their needs. They 
buy what is placed before them; they do 
not k)iow, and fre(iuently the manufac- 
turer himself does not know, what is best 
for the individual. The presentation of 
museum exhibits which will show our 
public by the instruments of science and 
enginec^ring what is best will attract con- 
siderable interest. 

Then there is a further basis of at- 
traction in the science museum, and that 
is to employ the instruments of science 
to detemine i)er8onal characteristics of 
the individual. Everybody likes to 


know little details about himself. If the 
visitor could measure the elements of his 
racial characteristics, this would be more 
popular than the soothsayers of old. 
However, we can not do this yet, but wo 
can use modern inslrurncnts to measure 
other (lualities. I will mention oidy a 
few of tlu‘se. The) visitor can measure 
Ids weight and height, the color of his 
hair, the shaj)e of his hair, in compari- 
son with that of different laces, lu* can 
measure the color of his ey(.\s, and the 
in1cr-])upillary distance. He (*an mea- 
sure Ins perfection of hearing, and the 
limits of his audibility, both for high 
])itch and low pitch. He can measure 
the electrical I'csistancc' ot Ids skin and 
the electrical resist anee oT his body. He 
can measure his lifting [)Owcr, his grip- 
ping power. He can measure character- 
istics of his lu'ait beat. He can see the 
wave form of his voice and measure Ids 
lung capacity. He can measure Ids 
visual acuity to light. of different inten- 
sity, he can measure his reaction time to 
electric shock, his reaction time for see- 
ing and his reaction time to sound. He 
can measure the tom])erature of his 
hand with an automatic electric ther- 
mometer, he can measure the radiation 



A WORKING MODEL OF THE BLANCH- 
ARD LATHE 

First used for reproducing gun stocks from 
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SEWING MACHINE 
UKEl) HV MKS. WlIJJAM TAVI,0H FUOM lS(i2 
TO Jn2(3. 


i'roiTi Iris face as well as the tcmperaturi' 
of Jiis blush. 

All of these exhibits, and many more, 
will not only attract the visitor, but will 
also ^ive liitn information which will be 
a challenge to his imajjination and may 
be useful to him. 

You perliaps have been wondering if 
the museum described here is to be quite 
devoid of all the relics which in (la 3 ^s of 
yorci were the only reason for the exis- 
tence of a museum. While we are con- 
> inced that there is considerable general 
interest in relics as such, we nevertlieless 
believe that to the averaf^e individual 
relics are of most interest when they arc 
portrayed in connection with their use; 
that is, an old machine is most fasci- 
natini? when the visitor can sec it op- 
erated, or some part of it operated, so 
that he may see the reason for its ex- 
istence when it served a useful place in 
its field. In general, a working and 
sectioned replica is more useful for our 
purpose than the priceless relic which 
can not operate or be touched. How- 
ever, the museum should have on public 
display a great many old relics which 
would serve as centerpieces to exliibits, 
somewhat as floral decorations are use- 


ful in the dining-room. Moreover, 
there should l>e many more relics pre- 
seiwed in the archives of the museum, 
in the same way that books are pre- 
served in the stacks of a library. Such 
(‘xhibits should be available to the ex- 
])ert or general visitor upon application 
to the museum office. These, in general, 
should be housed with regard to the 
greatest e(‘onomy of space rather than 
with regard 1o the most attractive dis- 
jday. It is my personal opinion that the 
great national relics in industry, which 
luive pri(*eless value, should in general 
be housed in the National Museum at 
Washington. The main purpose of the 
museum lu're described is to provide 
education to the general public as well 
as to serv(‘ ns an aid to schools. The 
g(‘nc‘ral i)ublic are treated as laymen 
alike, and the man of seventy is sup- 



AN OLD HOUSE SEWING MACHINE 
• OF 1854 

One of the earliest oomsiercial types. 
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posed to have the same interest in the 
fundamentals of maehines as the boy of 
seventeen. If, therefore, the museum 
takes the boy of seventeen as its norm, 
it will not go far wrong. Wc should 
educate our general public not alone be- 
cause of the general pleasure in obtain- 
ing information in an attractive manner, 
but also for the general good. The 
banker should know the better and safer 
uses for the investment of money, the 
manufacturer should leam of develo])- 
ments in lines akin to his own, in order 
to improve, his own product or the 
method of its making; the preacher 
should have an understanding of the 
mechanisms of his age, in order that he 
may know better the commonality of his 
audience. Our civilization is growing 
faster than any mushroom, and if we are 
to have a general culture, that culture 
should consist in its elements of permit- 
ting our general j)ubli(* to see the poetry 
in our modern maehines, and that poetry 
emerges when they see how the velocity 
of light is Tueasurc'd, how color harmony 
is produced, how electricity travels, how 
atoms break up and all those mysterious 
forces that underlie our age of machines 


and that furnish a i)Ossible basis for all 
unity in our mechanistic age. 

Since the industrial museum is to be 
an authoritative clearing-house of basic 
information, useful to all the industries, 
it would seem to follow automatically 
that it will be in a degree a research in- 
stitution in its field, just as the -Ameri- 
can Museum of Natural History has 
done research work in its field. How- 
ever, this will de[)end largely upon the 
enthusiasm of the experts in the diffei'- 
ent departments. Already the Museums 
of Peaceful Arts has had demands for 
information that have been the iiu'entive 
to investigate unknown fields. Experi- 
ence will doubtless prove that an expo- 
sition, as its new and major of)])ort unity, 
will require a rather complete and ex- 
haustive use of its resources, and that 
the demands for new information can 
generally be most economically satisfied 
by reference to and by cooperation with 
other existing institutions which have 
research as the primary function. On 
the other hand, one of the great services 
of the museum will be to find and to in- 
spire young men to fill useful places in 
all the industries. 



FITTING THE COLLEGE TO YOUR BOY 

AND GIRL 


By Dr. ALBERT EDWARD WIGGAM 

NEW YORK, N. Y. 


Nearly tliree quarters of a million 
younp: men and women are now' in the 
collep:es of America, and the following 
five things represent about the situation 
they are in and about what is haj)})ening 
to them. 

The first fact of the situation is, that 
if you sliould sec an ox-cart, a covered 
wagon, a day coacli, a Pullman exj)ress 
and an aeroplane coui)led together be- 
hind one engine, you would have a fairly 
just picture of the average American 
college. Th(* engine is the college pro- 
fessor — pulling, tugging and puffing 
away, trying to i)ull all this conglom- 
erate assortment of vehicles along at the 
same speed. And there are three dis- 
tinct tragedies which result. The first 
is, the professor is succeeding; the sec- 
ond is, he is proud of it, and the third 
is, instead of traveling at the aeroplane 
rate, as the professor fondly imagines, 
the whole educational train is going at 
little better than the ox-cart speed. 

To apply the foregoing picture: in 
many colleges from top to bottom, and 
to ^ome extent in all colleges, the fast 
boy and girl, the average boy and girl 
and the slow boy and girl, the motor- 
minded, the abstract-minded, the ar- 
tistic, philosophical and mechanical- 
minded boys and girls, are all given very 
much the same educational dose. 

This type of professor proceeds on the 
theory that the boy and girl must be 
made to fit the college, whereas the new 
educational science says that the college 
must be made to fit the boy and girl. 
The students by the old theory are in 
the main treated as though they were 
all born equal, notwithstanding that all 


men are born unequal. Tt is the business 
of education to draw out these inequal- 
ities and make them more unequal. As 
one ])hilosopher has said, there is one 
point on wliich all men are exactly alike, 
and that is they are all different. Edu- 
cation should develop these differences, 
and make them into larget* and more 
effective differences. Yet, the average 
college professor has not the slightest 
idea of the magnitude and fixity of these 
individual differences, and, as a eon- 
se(iuence, does not know what his own 
job really is. 

The second fact is that the college is 
not nearly big enough. It is built for 
aristocracy, instead of democracy. Only 
a fraction of 1 per cent, of the American 
people now get into any institution 
which could by the utmost generosity 
be graded as a college, and only a frac- 
tion of those who do get in ever get out 
wdth a college diploma. The colleges 
could and should serve at least three to 
five times that proportion of the Ameri- 
can people. 

The third fact is that a large number 
of young men and women are now in 
college who ought not to be there. Some 
have ability and lack interest ; some 
have interest and lack ability ; some lack 
both. Many of them could not possibly 
achieve graduation, and even if, by 
some miracle, a college course could be 
forced into their heads, it would not pay 
either them or the country nearly as big 
dividends as to have them during these 
years in business or productive indus- 
try. The other side of this fact is that 
large numbers of young men and women 
are not in college who ought to be there. 
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The upshot of it all is that we have no 
such thinpf as a national system of ae- 
leetinj? and encouraging the young peo- 
ple of th(‘ country who could and should 
go to college. 

The fourth fact is that the college is 
built on what scientists call the ‘‘all-or- 
iione principle.’’ It says to your boy or 
girl, “Four years or nothing. Take our 
whole educational dose, complete our 
course, wheth(*r it fits you or not, or else 
go home in disgrace.” Partly as a re- 
sult of this, in many colleges, one half 
of all the boys and girls who start do go 
home in disgrace. Not much over half 
th(‘ freshmen ever get through to gradu- 
ation. 

The fifth fa(ft represents the big task 
which lies ahead in American higher 
education. It is right here and now, and 
the college of to-morrow must meet and 
solve it. That task is educating each 
individual according to his own endow- 
ments and needs, and at the same time 
keeping u{) mass production. We muat 
fac(; the fact that the colleges arc going 
to be from two to five times as big as 
they are now, y(*t they must a); the same 
time devise systems of instruction and 
college and university [ilants which shall 
save, refine and make effective each boy 
and girl’s personal fineness, uiiiipieness 
and jieculiarity, a system which shall 
mak(i each student happy, successful 
and good at his own private personal 
level of capacity and desires. 

In the future every college that fails 
to do this will be what many colleges are 
now, mere factories for grinding out a 
standardized human product that is all 
too frequently a misfit in modern life. 

In fact, the colleges are to-day grind- 
ing out so many misfits ; they are strug- 
gling vainly to give an academic edu- 
cation to so many students who have 
no business to be there and putting so 
man}^ others tli rough courses that actu- 
ally unfit instead of fit their abilities and 
tempecaments that whenever I see the 


horde of incoming freshmen, many of 
whom do not know why they are there 
and will likely never find out, many 
others who ought to be there but who 
are going to be wrongly placed and un- 
trained instead of trained, yet all pos- 
se.ssed wdth a blind faith that somehow' 
the college is going to fill their heads 
wdth the knowdedge that leads to power 
— whenever T see this ill-assorted con- 
glomeration of hojieful youth, they call 
to my mind the young lady who said to 
her physician, “How soon will I know 
anything. Doctor, after 1 come out of the 
anesthetic?” “Well,” rt'plied the doc- 
tor, “that’s expecting a good deal from 
an anesthetic.” I leave the college pro- 
fessor to make the application. 

Thes(* imi)ressions of the i)resent status 
of a great deal of Am(»rieau so-called 
“higher” education are by no means en- 
tirely original with me, hut are (juite 
largely the result of si'veral yi^ars of 
friendly acquaintance with Dean Carl 
E. Seashore, head of the department of 
psychology and philosoj)hy and dean of 
the graduate school of the University of 
Iowa. I have also recently spent two 
entire days with Dean Seashore, devoted 
to an intensive discussion concerning his 
five-year study of American higher edu- 
cation — a study which he has been carry- 
ing on as the field rei)resentative of the 
division of education relations of the Na- 
tional Research Council. During these 
five years, the dean has visited more than 
one hundred and fifty of the American 
colleges and universities, and has held 
prolonged conferences wuth the faculty, 
going minutely into problems and meth- 
ods of educational administration and 
practice. It is the ma.st ext<‘nded and 
important survey of American higher 
education that has ever been made. 

Every parent, professor, philanthro- 
pist and taxpayer, as well as every boy 
and girl who is contemplating the great 
adventure of going to college, will find 
the report of this survey, now published 
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by the University of Iowa under the 
title, ‘Gjiving and Learning in College,” 
a mine of information and inspiration. 
Dean Seashore has been a research and 
educational leader for nearly a genera- 
tion. lie found something good at this 
institution, and something good at that. 
To these findings he has added the ex- 
j)erience and originality of his own 
genius. The result is a constructive 
j)rogram for American higher education 
of lasting importance. 

This survey was first undertaken un- 
der the auspices of the National Re- 
search ('Ouncil as “The Gifted Student 
Project.” Experience soon demon- 
strated that what was good for the gifted 
student was equally good for the good 
student — for any student who was will- 
ing to work. It has thus become a new 
national program for all boys and girls 
who are willing to work and study; for 
all prof(!Ssors and administrators who 
are willing to learn something new, or 
to embody the best practice that has beuui 
tried out anywhere. If carried out, it 
simply means that the American college 
is going to be made over to fit the stu- 
dent's individual needs, intelligence, in- 
terests and character, instead of, as liere- 
tofore, trying to make the student fit 
the college. 

Ev(*n an educational report can have 
a soul, and the soul of this repoil is em- 
bodied in the motto which Dean Sea- 
shore has developed, and which would do 
well to be blazoned above the doorway 
of every school and college. That motto 
is : Keep each student busy at his high- 
est natural level of successful achieve- 
ment in order that he may be happy, 
useful and good. 

Every word of this motto stands for 
such a broad principle that we should 
consider the key w’ords for a moment: 
**Each *^ — that means each individual 
and not the mass; ''his *^ — his own per- 
sonal qualities and not those of some- 
body else; highest*^ — in many colleges 


it is a disgrace for a student to do his 
best; natural' natural endow- 
ment and not some professor’s notions 
of the endowment he ought to have; 
^^achievement" — education must have 
definite achievement as its aim; 
''happy " ^'useful" and "good" — edu- 
cation that does not iriake happy, useful 
and good citizens is not worth the paper 
it is printed on. 

As to what this far-reaching formula 
means, I prefer that Dean Seashore 
should tell you in his own words. As I 
think back ovcu* our two-day discussion 
of this whole reformation of American 
higher education, the dean said to me 
on this phases of tht; project: 

This formula ruts at thr root of one of the 
most poriiirious tlicorirs of all educational eys- 
toms. That theory is, that where tho great 
Creator lias failed to make all human beings 
equal, it is the business of the school to make 
them equal. 

Ill order to justify this improvement on the 
Creator’s ideas, thi‘ schoolmen have found cover 
under five argumentB, which many of them are 
still advancing with disastrous persistence. 
Those arguments arc, first, that tliis procedure 
works towards a deinorratie ideal; »e<*.ond, that 
it represents the rights of individuals; third, 
that it is good for tho lowly individual; fourth, 
that it is justified by results, and fifth, that it 
is necessary for the operation of educational 
machinery. Each of these is an alibi, and rop- 
rosonts a fundamental error and misconception 
of fact. 

Ill answer to the first argument, the true 
democratic ideal is not equal distribution to all, 
but equal (ypportunitus in proportion to capac- 
ity. The second argument is just as fallacious; 
individuals do not have equal rights cither in 
education or anywhere else in life. The genius 
and the moron do not have equal rights to 
wealtli, social privileges or knowledge. They do 
have equal rights in proportion to their capac- 
ity to creato and enjoy those things, and one 
should be just as insistent upon his rights as 
the other. The slow student should have his 
chance, but he should not be allowed to inter- 
fere with the fast student's having his chance; 
and, of course, the rover.so is equally true. 

But your instructor with a glow of charitable, 
and what he thinks is democratic, sentiment, 
advances the third argument. Ho says, ^'It is 
good for the poor student to hear the good 
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studf^ut rocite. The fact is, it is not good; 
tlio humiliation of the poor student in the 
presence of the good student is often heart- 
rending. If the facts recited are at the level 
of the good student, they arc totally beyond the 
comprehension of the poor student, although 
the latter often assumes an attitude of rapt 
attention as a defenat^ device to conceal his 
feeling of inferiority. If the facts are at the 
level of the poor student, they are of no inter- 
est to the good student. The recitation moves 
too fast for one and too slow for the other; it 
is, thus, a gross injustice to all. 

The fourth argument, that this procedure is 
JuMtified by rt.'Hults, has a superficial appearance 
of truth. This is because the instructor does, 
in a measure, correct what ho thinks was the 
error of the Oieator in having failed to make 
all college students (*qual. lie docs succeed in 
making the gifted student and the slow student 
so nearly alike that when they come out of col- 
lege it is difficult to tell the two apart. But it 
is always because he has dragged the good stu- 
dent down ; the poor student can not be raised 
above his own natural level. As a result, the 
superior and inferior studemts come out of col- 
lege very much alike. 

As to the fifth argument, you will boo as we 
proc(‘ed tliat it is not only not necessary to the 
operation of educational macliinory to treat all 
students alike, but that it clogs the whole edu- 
cational machine, and results in injustice to all 
concerned. 

It. is obvious from the foregoing re- 
marks that this whole new educational 
program has two great objectives ; first, 
individual attention to each student in 
order to develop his highest effective- 
ness, and second, keeping up, indeed 
constantly increasing, mass production. 
To achieve these aims Dean Seashore 
believes that some radical reforms are 
necessary. 

In order to visualize these reforms, let 
us first ask ourselves how Johnny and 
Mary ever arrive at college, and what 
happens to them the day they get there. 
There has been talk in the home for 
years about their going to college. 
Neighbor Jones sent his children, and 
what is good for Jones’s children must 
be good for Brown’s. There arc very 
often other considerations involved, but 
most students arrive at college through 
ao<*ial eilstom, parental ambition, a pros- 


perous country, accident and the grace 
of God. A few come from genuine love 
of learning. 

Now let us follow Johnny and Mary 
through the first week of college. They 
plunge into a general pell-mell of regis- 
trations, entrance examinations and the 
like, resembling an educational riot, or 
the mob at a home-coming game. In 
proportion to the size of the (‘ollege, 
from 200 to 3,000 freshmen arc herded 
(there is no other word) into classes, 
fraternities and dormitories. As to 
what courses, what instructors and what 
social groups a student becomes identi- 
fied with, these are largely mattcTs of 
chance. Every'thing is at feverish heat. 

From this exhausting process many go 
home marked as failures. As the year 
proceeds, from 5 to 50 per cent, of the 
remainder are sent home. During the 
sophomore year another group is elimi- 
nated ; scarcely more than half ever 
graduate. I'hc students who fail go 
back home discouraged and disheart- 
ened. The whole thing is an orgy of 
waste in money, energy, hopes and am- 
bitions. 

‘‘Now, for all this melee and pell- 
mell,” said Dean Seashore to me, ‘‘our 
program jirovides simple, inexpensive, 
and, we believe, (*om])lete remedies. 

“The first remedy is one that we have 
already demonstrated liere in Iowa will 
work successfully. Instead of letting 
vast numbers of students graduate from 
high schools in June and probably waste 
most of the summer, and then go to col- 
lege and find out they can’t do the work 
and be forced to go home, we shall select 
the college students at their homes by a 
national college qualifying examination. 
We have tried this in Iowa far enough 
to know it will work. 

“Our program is to administer this 
college qualifying examination on the 
same day throughout the entire United 
States, to every high-school senior and 
preparatory-scliool graduate who may 
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dcMdM to teit binasdf or herself as to 
capacity and fltneaa to do college work. 
This is an oiormoaa step in advance 
and it will not only prevent the major- 
ity of poor students ever leaving home, 
but will discover a great many young 
men and women who have not suspected 
that they had college ability. A small 
fee win be charged and since the stu- 
dent takes it for his own information, 
there is no incentive to cheat. 

“You see, boys and girls can thus 
find out whether they can do college 
work before they have even declared 
themselves to friends and neighbors. 
If they fail once they can study up and 
try it next year again. Thus the boy 
and girl who now go off with high hopes 
of parents and teachers, and perhaps 
with their names and pictures in the 
local paper, and who are later forced to 
return home, will be saved this absurd, 
unnecessary and discouraging experi- 
ence. We warn them in time. 

“This nation-wide drag-net will also 
be a great eye-opener to the public on 
the notion that any one can go to college 
who wants to or whose parents think 
that he should go. They will wake up 
to the fact that it makes a difference. 
It will enormously advertise what is 
perhaps the most important discovery 
of modem psychology, namely, the wide 
differences among people, and empha- 
’’aise the equally important fact that 
these differences can not be readily or 
entirely overcome by some magic system 
of education. 

“Now, this college qualifying exami- 
natkm dotes not tell us whether the boy 
that passes will do best as an engineer, 
linguist, scientist, mechanic, doctor or 
what The next two big steps in oUr 
program are /rsAtnon week and: the 
plscenisiit axominatMiu. 

“I first heard of freshman week at 
the Univeimty of Maine, and at <mce 
gdiqited it as part of my program. It 
s^plies readily to every coUege that has 


more than two hundred freshmen. Dur- 
ing the first three days of the week, 
the older students are not allowed to 
return except a few upper-elassmen who 
are lumored with an invitation in order 
to aid the faculty in meeting the new 
students. These three days are devoted 
by the faculty and honor students to 
adjusting the incoming students to their 
new life. The newcomers are shown all 
the facilities of the campus, libraries, 
laboratories, health service, opportuni- 
ties for earning money, assemblies, 
churches, recreation and the like. Rooms 
and boarding places are found with 
some reference to congeniality. The 
whole aim is to develop a warm, human, 
sympathetic substitute for the old wel- 
come that was given to our fathers by 
the college president who received each 
boy and girl with a fatherly hand-shake 
and took a personal interest in getting 
the newcomers under way. 

“The last three days of freshman 
week are devoted to the third great step 
in making the college over to fit the stu- 
dent. This step is described by the 
phrase, placement examinatione. They 
are given quietly to the new students off 
by themselves while the old students are 
coming back and getting located. 

“The placement examination consists 
of two distinct parts. The first half is 
the regular examination for testing the 
student’s knowledge of each subject. 
The second half is something entirely 
new, and is one of the most significant 
outcomes of experimental psychology. 
It consists of a large series of testa do* 
signed to measure each student’s native 
aptitude for each subject It is a great 
advance over the tests of general intel- 
ligence. 

“Thus, we test, not a boy’s knowledge 
of English, but ^ fundamoital ability 
to learn English,* we test his mechanical 
ability, his forei^ language abUity, his 
ohemistty ,. ability, and so on; We now 
have thirty srojeets in which aptitude 
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tests have been developed and we are 
constantly improving them and adding 
more. 

“The outstanding discovery from 
these tests has been the astonishing 
amount by which individuals differ in 
their capacities, and how permanent 
these differences are. Your natural 
capacity to learn English or mathemat- 
ics or mechanics remains relatively un- 
changed throughout life. For example, 
we find in the sense of pitch in music, 
one person may have one hundred times 
as great capacity as another, and no 
amount of training greatly alters this 
difference between these two persons. 
Training enables each person to use bet- 
tor what he has but it does not greatly 
increase his original capacity. This we 
believe is true of all our original 
capacities. 

“Of course, we must distinguish care- 
fully between what a student can do 
and what he does do. These aptitude 
tests measure with encouraging success 
what he can do. As it is now, where the 
gifted student and the poor student are 
placed in the same class, the poor stu- 
dent grows disheartened and the gifted 
student becomes uninterested, and thus 
neither measures up to his real capacity. 

“The next step goes to the heart of 
this very situation — probably the most 
important problem in all education. We 
call this step ‘sectioning on the basis of 
ability.' It is already extensively in 
force in many grade and high schools. 
Our plan is to bring it over with the 
highest refinements of experimental psy- 
chology and apply it to the different 
kinds of college students. We propose 
to place the students, and we do place 
them here, in different classes according 
to their several abilities as indicated by 
our aptitude tests. 

“In order to see how this works, let 
us recall what has happened to Johnny 
and Mary by Saturday night of fresh- 
man wQek. Instead of the old exhaus- 


tion and bewilderment, they are by that 
time all congenially located with refer- 
ence to dormitories and fraternities ; 
they have met all their instructors and 
many of the older students, and they 
have a pretty good idea of what living 
and learning in college really means. 

“But, in addition, our placement ex- 
aminations with their aptitude tests 
have put in our hands an entirely new 
educational instrument of the highest 
value to each student and to his instruc- 
tors. This instrument consists in the 
fact that wo not only know each stu- 
dent's training, his home and school 
record, much about his general traits of 
character and industry, but we also 
know his aptitude in each of eight or 
ten subjects in which he has taken tests. 
I might remark here in passing, that Dr. 
Frank Shuttleworth, here at the univer- 
sity, has devised a method for securing 
a student’s home and school record, his 
character traits, home surroundings and 
the like, which we believe is going to 
prove of great value in predicting what 
a student will do with his aptitudes and 
abilities — how hard he is probably going 
to work; and we believe that they also 
predict with considerable success the 
general trends of character that he will 
manifest both in college and in later 
life. 

“You see, therefore, that on Saturday 
night of freshman week, while both the 
upper-classmen and the newcomers may 
be holding the grand democratic social 
event of the season in which they may 
all meet and clasp hands in good fellow- 
ship, there will be on record a compara- 
tively exact and helpful mental profile 
of each and every student. This profile 
furnishes every instructor with a fairly 
accurate, concrete picture of each stu- 
dent’s natural level. 

‘^On this basis, we have found it eoo- 
nomical to divide the students into at 
least three levels — high, average and 
low. This fumidxes a fair starting 
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place for everybody. Of course, the 
students are informed that these levels 
are not absolutely fixed, and that stu- 
dents will be permitted to pass up and 
down as their further achievements war- 
rant. 

‘ ‘ Thus, on Monday morning following 
freshman week, instead of the old ex- 
haustion, misfit and uncertainty, each 
instructor is in a position to carry out 
our motto of keeping each student busy 
at his highest natural level of successful 
achievement, because, for the first time, 
in most colleges, he will know fairly well 
what each student's natural level of 
successful achievement is. As a further 
result, the students, as they greet one 
another on the campus, say to each 
other, as we know from our experience 
here they do say, ‘I made the ox-cart,' 
* I made the covered wagon, ' ‘ I made the 
day coach, ' ^ I made the transcontinental 
express' or ‘I made the aeroplane 
division.' " 

At this point I said to Dean Seashore, 
“Will not all this give the student who 
lands in the ox-cart a sense of inferiority 
and failure T" 

“No," replied Dean Seashore firmly. 
‘ ‘ Our experience has been quite the con- 
trary. It affects a poor student just 
about the way it affects a financially 
poor man when he finds out he has no 
money to invest. He simply doesn't 
have it and adjusts himself to the fact. 
Is there any reason why he should not 
do this? It prevents his trying the im- 
possible. It warns him in time. More- 
over, the student is told that this is 
merely a preliminary sorting out, and 
he is welcome in the aeroplane division 
as soon as he demonstrates that he can 
do the work. 

“As a matter of fact, the most grati- 
fying result of sectioning on the basis 
of ability is that the poor student is not 
humiliated by being compared with the 
brilliant student. We find that when 
students are with their equals all up 


and down the line, their inequalities, 
inferiorities and superiorities are for- 
gotten. The good student is put on his 
mettle to compete with his equals and 
the poor student is working happily 
with his equals. I absolutely condemn 
mixing students of high and low ability 
in the same class. That is one strong 
reason why the better students have 
organized in most colleges to keep from 
doing their best. In many colleges a 
brilliant student positively has to conceal 
his brilliancy. If he does not he is 
against the gentleman's union and is 
regarded either as ‘ showing off, ' or as a 
^scab.’ But with this system, a student 
must play the game and do his best or 
else be looked down upon as inferior 
by his own equals. And no healthy boy 
or girl can stand that. At least, it is a 
powerful incentive. 

“Moreover, the fellow who is often 
benefited the most is the bright loafer 
who lands unexpectedly in the ox-cart, 
and the jolt wakes him up. Let me 
give you an example: A boy came here 
from a military school where he had 
failed three years in the same course in 
English. He gave as his alibi that he 
couldn't learn English. 

“I said, ‘We'll just find out about 
that.' So I gave him the aptitude test 
for English ability, and he made a rank 
of 84 on a scale of 100, on which the 
average was 50. But when we tested, 
not his ability to learn English, but what 
he had learned of English, he ranked 31 
on a scale of 100. So we looked him 
square in the eye, and said, ‘You have 
been loafing for three years; now you 
have no alibi.' The boy accepted the 
challenge and got an ‘A' on his first 
paper in English. His mother had en- 
couraged him to believe he had no 
English ability, and this feeling was 
going over into other subjects where he 
was failing. We doubtless saved that 
boy from a lifelong sense of inferiority. 

“Here is another story that goes to 
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the heart of some of the biggest problems 
in American education. I think it illus- 
trates a new doctrine in our national life. 
We tested a boy and found him to rank 
in the highest 10 per cent, for ability, 
but his grades showed that he had loafed 
all through high school. He soon made 
it evident that he expected to loaf 
through college. One day he passed an 
examination in psychology and the in- 
structor gave him a ‘C/ but I marked 
him ' Failed. ’ His instructor came to me 
all wrought up, and said it wasn^t fair. 
I said it was fair to mark him * Failed,’ 
because he had failed to do his best. 
That was a new doctrine. Shall we hold 
all students to the same standard, or 
shall we judge the two-, three- and five- 
talent students each on his own level? 
Shall we judge a man by his inferiors 
or by his peers? Nowadays, if a five- 
talent student gets a passing grade we 
pass him, and a two-talent student the 
same. We thus judge all on about the 
two-talent average level, a level at which 
the one-talent boy flunks and the five- 
talent boy loafs. 

‘‘To prove this, I told this instructor 
that any bright boy could get a ‘ C ’ in a 
generalized subject such as psychology 
or literature. He said, ‘Oh, bosh.’ I 
replied, ‘Let’s try it.* I got a bright 
boy in engineering and asked him if he 
had ever studied psychology. He re- 
plied he had not. I then gave him the 
same examination on which the other 
student in psychology had gotten a ‘C,’ 
and this engineering boy got just as 
good a ‘ C ’ as did the one whom I marked 
‘Failed.’ A bright student can get a 
passing grade in a number of generalized 
subjects by merely guessing and draw- 
ing on his general information. 

“You see, as long as we do not divide 
the students on the basis of their ability, 
our present standards for passing are set 
below the level of mediocrity, so that in 
a subject where general information 
counts, a student above the mediocrity 


level can pass without ever having 
studied at all! Under this absurd pro- 
cedure there is no use of his coming to 
college. 

“Now the last step, and the cap sheaf 
of our whole program is the organization 
of the junior college — a movement which 
is rapidly sweeping the country. Just 
think what it is that the college now 
says to the boys and girls of this coun- 
try! It is this: ‘Take our whole four 
years or else you are a college failure.’ 
But the new college will say : ‘ Take the 
first two years and try yourself out. If 
by that time you find the Isust two years 
are not suited to your needs, tastes, 
plans, finances, health and abilities, we 
will graduate you with a college degree 
which will always be an honorable 
emblem of successful achievement, the 
degree of J.C.G. — Junior College Grad- 
uate.’ 

“Some educators have said that a 
degree of J.C.G. would not be an 
honor emblem. But my reply is: ‘Look 
at the graduate of the vocational high 
school to-day. The parents come out 
and celebrate, they have a big commence- 
ment, and all are proud of the boy or 
girl. Now, if we simply carry that 
graduate on to two years of college, and 
give him or her another diploma, the 
parents will be prouder still.’ ’’ 

Here I interrupted Dean Seashore 
with this question, ‘ ‘ But, my dear Dean, 
can not the colleges do away with their 
first two years, and turn the junior col- 
lege over to the present high school ? ’ ’ 

“By no means,’’ replied the dean 
vigorously. “The high schools can not 
become colleges. The life, program and 
methods of the high school and the true 
college are as different as night and day. 
In fact, the general high-school atmos- 
phere throughout the United States 
to-day is of a comparatively low order 
as ooncems first, their educational stand- 
ards ; second, their methods of study, and 
third, their social life. What I propose 
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in these junior colleges is to take the 
ambitious students out of that atmos- 
phere and set them a new pace, amid 
new and more stimulating associations. 

an example, here are three boys, 
ambitious for a college education. One 
has the making of a voucher clerk, one 
an auto mechanic, and the third, a scien- 
tist. They first pass the college qualify- 
ing examinations at home, and demon- 
strate that they are college material. 
All three then start in the junior college. 
All are given the same course in English, 
and each will get a course in biology 
and also one in mathematics during the 
first year. The auto mechanic also gets 
one course in the technical aspects of 
machines and special work on automobile 
engines. The bookkeeper gets his special 
work in accounting — something I would 
give all college students, as I consider 
accounting far more cultural, as well as 
useful, than the classics. The scientist 
gets extra work in the foundation courses 
of science. The second year goes on 
much the same, with more stress laid on 
the particular work which each student 
will follow in the future. 

‘‘At the end of the two years, the 
bookkeeper and auto mechanic go home 
with genuine college diplomas, a genuine 
liberal culture of recognized standing, 
instead of being marked as ‘eliminants' 
and ‘failures.’ The beauty of it is that 
the two J.C.G. men have gone home 
with a liberal education. They will 
carry through life the benefits of two 
years of college atmosphere, of training 
under the finest pedagogy and with the 
highest expert organization of their 
courses of study. 

“You should also grasp clearly that 
instead of having the cafeteria system 
of allowing the student to select for him- 
self out of a vast number of electives, as 
most college freshmen do now, the new 
junior college will provide a suitable 
number of elective courses or curricula. 
From these we will assist each freshman 


with our placement examinations and 
by every other means in deciding on the 
curriculum which will best fit his abili- 
ties, temperament, economic and spiri- 
tual needs. 

“These different courses will have as 
many elements common to all as is 
advisable, and they will provide against 
letting the ignorant student decide, as 
is done now, whether he shall take 
physics or chemistry, or whether he shall 
take chemistry first and physics after- 
ward, or vice versa, or whether he shall 
take German, bookkeeping or civics. We 
shall decide those fundamental things 
for him. And while the J.C.G. men 
will go home as college graduates at the 
end of two years, the scientist and the 
academically and professionally minded 
boy will be encouraged to go on to 
higher fields of educational achievement 
and responsibility. For we must never 
forget that ability to achieve and respon- 
sibility for achieving go together. 

“I have given you an all too brief 
resume of the program for the college 
of to-morrow. I wish I could tell you 
about what we term our ‘ project method’ 
of study. By this method, one professor 
is able to handle a hundred students or 
more. Yet he is able to give to each far 
more individual stimulus and instruc- 
tion than is given by the present recita- 
tion system. 1 think that this also 
largely meets the common assumption 
that a boy gets so much more individual 
attention and personal contact in the 
small college. In my judgment, the 
university with thousands of students 
can be so organized as to give far more 
attention to each student’s individual 
needs than was ever possible in the small 
college. 1 think also that the small col- 
leges can be more effectively organized 
to meet the individual needs of each 
student than they are now. In many 
studies the recitation system will soon 
be obsolete. We have better and more 
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individualized methods already in opera- 
tion. But I trust I have shown you 
that the college of to-morrow must, and 
can, discover, orientate and serve the 
individual boys and girls far more effec- 
tively than it is doing now, or ever has 
done. 

‘‘One thing, at least, is certain, that 
we shall never have a true science of 
education until each individual in the 
entire mass is brought to his highest 
possible development. This may seem a 


counsel of perfection, but nevertheless 
it is the goal of applied psychology and 
experimental education. For, after all, 
the science of society, the science of 
living and the science of education have 
the same end in view; and I know of 
no better way to express that common 
objective than in the maxim of our good 
student project, ‘Keep each individual 
busy at his highest natural level of suc- 
cessful achievement, in order that he 
may be happy, useful and good. ' ' * 



THE BIRTHPLACE OF MAN 


By Dr. GEORGE S. DUNCAN 

THE AMEKICAN UNIYERSITT 


I. Mesopotamia 

Every one, naturally, has a desire to 
know the birthplace of man. The 
earliest known writer having this inter- 
est was the author of Genesis 2: 8-14. 
Here an enclosed park or orchard with 
many kinds of beautiful fruit trees is 
described. Such parks were common in 
Babylonia and Assyria where the own- 
ers, their families and friends would find 
great enjoyment since the climate, in 
these lands, is at times very hot. The 
Biblical writer, living in Palestine about 
850 B. C., locates the park in a territory 
called Eden situated in the east. The 
Hebrew word Eden means pleasure, de- 
light, loveliness and charm. Some, how- 
ever, derive Eden from the Assyrian 
word, edinu, meaning plain steppe and 
prairie. A large river flows from this 
territory into the park. As it emerges, 
it branches into four rivers. One of 
these is called Pishon, encircling the land 
of Havilah. Another is named Gihon, 
compassing the land of Cush. The third 
river is the Hiddekel, or Tigris, flowing 
in front of As 83 rria. The fourth is the 
Euphrates. 

In this brief piece of ancient geogra- 
phy the two rivers, Hiddekel or Tigris 
and Euphrates, are well known. Assyria 
is very probably the great empire north- 
east of Babylonia with its capital at 
Nineveh. Havilah and Cush are doubt- 
ful localities, but the former has usually 
been regard^ as Northern Arabia, and 
the latter as Ethiopia. The two rivers 
Pishon and Gihon are unknown. No 
large river is known which is the com- 
mon source of the Tigris, Euphrates and 
the two other rivers, Pishon and Gihon. 
Indeed the Tigris and Euphrates do not 
spring from a common eemree. Their 
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nearest sources, in the Taurus moun- 
tains, are at least fifty miles apart. The 
territory, Eden, is also unknown. This 
indefinite information about the location 
of the birthplace of man has set scholars 
to speculating for well-nigh nineteen cen- 
turies. Much time, ingenuity and learn- 
ing have been spent in the search for the 
exact location of the park in Eden. By 
actual count over eighty localities have 
been given as the site of the first home of 
mankind. These range all the way from 
the North Pole to Australia. Only a few 
of them need be mentioned here since a 
good many are merely wild guesses rest- 
ing on no secure scholarly foundations. 

Josephus, A. D. 37-100, and many 
church fathers considered the ocean en- 
circling the earth the source of the four 
rivers. The Pishon was supposed to be 
the Ganges and the Gihon the Nile. 
Havilah was India. Eden would then be 
somewhere in northeastern India. Calu- 
met, A. D. 1672-1757, BosenmuUer, 
1768-1835, Keil, 1807-1888, and some 
other scholars believed the source river 
was a region of springs. The Pishon and 
Gihon were mountain streams. The 
former may have been the Phasis or 
Araxes, and the latter the Oxus. Eden 
was located in Armenia. Calvin, 150^ 
1564, Huet, 1630-1721, and Boebart, 
1599-1667, locate Eden in lower Baby- 
lonia. The Pishon and Gihon were re- 
garded as channels by which the united 
rivers, Euphrates and Tigris, entered the 
Persian Gulf. Luther, 1483-1546, be- 
lieved that the great flood so altered the 
course of the rivers as to make it impos- 
sible to locate the park in Eden. Several 
scholars have resorted to allegory. Philo, 
20 B. C.-A‘. D. 40, considered Eden to 
be the soul delighting in virtue, while 
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the four rivers were four specific virtues : 
prudence, temperance, courage and jus- 
tice. Origen, A. D. 182-251, believed 
that Eden was heaven and the rivers 
wisdom. 

In modem times several eminent 
scholars have attacked the problem. 
Friedrich Delitzsch, 1850-1922, believed 
that Eden was the Babylonian plain, and 
that the park was near Babylon. Pishon 
and Gihon were canals or ancient river- 
beds on the west and east sides of the 
Euphrates. The Pishon would be the 
Pallacopas, and the Gihon the Shatt en- 
Nil. Havilah was part of the desert 
west of the Euphrates. Cush was a name 
for Babylonia derived from the Kasshites 
who ruled there as the third dynasty, 
1757-1181 B. C. Paul Haupt, 1858- 
1926, believed that we must not start 
with the conceptions of modern geogra- 
phy, but with the quite different ideas 
of geography which the Biblical writer 
had in mind. Haupt thinks that the 
narrative in Genesis should be inter- 
preted somewhat as follows. In northern 
Mesopotamia there was a large body of 
water suggested by a dim knowledge of 
the Black Sea. Here was the park in 
Eden and the sources of the four rivers. 
The Euphrates and Tigris flowed south- 
ward and ended in marshes. The Pishon, 
suggested by the Kerkha, starting more 
to the east, flowed into the Persian Gulf, 
supposed to be a river. It then turned 
westward encircling Havilah, Arabia, 
and finally ended in the Red Sea. The 
Gihon, suggested by the Karun, starting 
still further east, flowed at first south- 
ward and then westward. It encircled 
Cush, Ethiopia, and finally ended in the 
Nile. 

These differing views show how diflB- 
cult it is, from the Biblical data, to get 
an accurate idea of the location of Eden. 
The Biblical writer probably had in mind 
some locality in or near Babylonia, in a 
region watered by a great river, the sup- 
posed source of four rivers, Euphrates, 


Tigris, Pishon and Gihon. It was natu- 
ral for him to locate the birthplace of 
man here. Tradition placed the disper- 
sion of mankind in Babylonia where the 
tower of Babel was erected, Genesis 
11 : 8-9. Here was the seat of a very 
ancient civilization. Abraham, the an- 
cestor of the Hebrews, migrated from Ur 
in Babylonia, Genesis 11: 31. Present- 
day Old Testament scholars would proba- 
bly agree in saying that the Biblical 
writer had only vague and indefinite 
ideas of geography east of Palestine. He 
was a spiritual specialist and not a geo- 
graphical expert. His geography can 
not be harmonized with our modem 
exact knowledge of lands and rivers in 
the Near East. This is not at all sur- 
prising, for even Alexander the Great, 
356-323 B. C., supposed that he found 
the sources of the Nile in the Indus be- 
cause he saw crocodiles and beans there. 
Pausanias, in the second century A. D., 
relates the tradition that ‘‘the same Nile 
is the river Euphrates which was lost 
in a lake and re-emerged as the Nile in 
the remote part of Ethiopia. L. E. P. 
Erith correctly sums up the whole matter 
thus: 

Speculation as to the site of Eden is futile, 
B8 may be seen by the diecussion in the etandard 
commentaries of the many localities euggeated. 
All that can be said ia that the nairative con- 
tains reminiBcenoee of the country between the 
Euphiatee and Tigris, and any fertile spot in 
Mesopotamia may have furnished the baaia of 
the story of the garden. 

In recent years important archeologi- 
cal work has been done in Babylonia at 
such ancient sites as Nippur, Babylon, 
Ur and Kish. No human remains or 
artifacts much older than 4000 B. C. 
have thus far been found. Probably no 
scholar any longer believes that the birth- 
place of man was in Mesopotamia. 

II. Africa 

Some regard Africa as the original 
home of mankind. As early as 1871 
Charles Darwin, in his “Descent of 
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Man,” wrote: “It is somewhat more 
probable that our early progenitors lived 
in the African continent than else- 
where.” More recently, G. Elliot Smith 
in his “Essays on the Evolution of 
Man,” 1924, favors this continent. He 
says: 

I call attention to these considerations to sug- 
gest that the evidence now at our disposal af- 
fords some slight justification for the specula- 
tion that Africa may have been the area of 
characterization, or, to use a more homely 
phrase, the cra^e both of the anthropoid apes 
and of the human family. In any case it is 
probable that Africa played ah important part 
in the early history of man and his ancestors. 

Two discoveries made a few years ago 
have also revived this view. In 1921 in 
Rhodesia, the Rhodes man was found. 
He is more primitive than the Neander- 
thal man. In 1 924 at Taungs, Bechuana- 
land, fifty feet below the surface an ape 
was discovered. Professor Rajrmond 
Dart, of Johannesburg University, places 
it in an intermediate position between 
man and no-man. The two species of 
anthropoid apes nearest to man, the 
gorilla and chimpanzee, are found in 
Africa. The earliest known remains of 
anthropoid apes have been unearthed in 
the Fayum in western Egypt. 

A. N. Pond and G. L. Collie, recent 
explorers in the Sahara Desert, favor 
Africa as the birthplace of man. So also 
does Dr. Cadle, who has been exploring 
the Kalahari desert in South Africa 
where he found pygmies in Stone Age 
culture who chattered like baboons and 
who could count only up to three. The 
Oriental Institute of Chicago University, 
under the direction of J. H. Breasted, is 
engaged in studying the Egyptian Stone 
Age culture on the Nile. Ancient flints 
show that the valley was occupied by 
man about 15000 B. C. Here probably 
civilization began. By 4000 B. C. the 
art of communicating by picture writing 
became well developed. Arts flourished 
and an organized centralized government 
appeared in the Nile valley. 


III. Europe 

Europe has been regarded by some as 
the cradle of mankind. This opinion has 
been held for two main reasons. Very 
many skeletal remains of prehistoric man 
have been found in Europe. The Hei- 
delberg, Piltdown, Neanderthal and Cro- 
Magnon remains were all discovered on 
this continent. Then, too, very many 
artifacts have been unearthed in Europe. 
These consist of weapons, tools, imple- 
ments, utensils, pottery, paintings and 
sculpture. Among the scholars who re- 
gard Europe as the birthplace of man 
is A. Hrdlicka, who says : ‘ ‘ The cradle of 
the human race was western and south- 
western Europe.*' 

IV. Asia 

In recent years numbers of scholars 
have come to believe that central Asia 
has the best claim to be the earliest home 
of mankind. There are ten main reasons 
for this view. (1) The oldest human 
remains, the Java man, were found on 
the island of Java which was once a part 
of the mainland of Asia. (2) In 1921 in 
a cave southwest of Peking a premolar 
and molar tooth were found. These go 
back to the early Quaternary age. (3) 
Artifacts, the handiwork of prehistoric 
man of not later than 25000 B. C., have 
been found in Mongolia by Roy Chap- 
man Andrews. (4) Sand-drifted ruins 
of a very great age have been found in 
Mongolia. These, while not yet explored, 
are supposed to represent a very ancient 
civilization. (5) Two species of anthro- 
poids have been discovered in Asia. 
These are the orangs and gibbons. (6) 
Remains of Primates, the highest order 
of mammals, either ancestral or closely 
rdated to the living anthropoids have 
been unearthed on this continent. (7) 
Most of our domestic animals and cereals 
have come from Asia. (8) Mongolia is 
the oldest dry land on the globe. It has 
been dry twenty million of years, while 
other parts of the earth have been sub- 
merged (9) The great size of Asia, 
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with varying life conditions, would be 
favorable for the development of primi- 
tive man. (10) Asia is located centrally 
to other lands. Migrations going north, 
south, east and west could easily start 
from here. 

Among the scholars locating the birth- 
place of man in Asia the following may 
be mentioned. S. W. Williston, says:^ 
*‘Man was bom and attained elemental 
civilization in Asia because there was the 
place of all others upon the earth where 
evolution, in general, of orgemic life 
reached its highest development in late 
Cenozoic times. H. F. Osborn writes:* 

* ‘ The unknown ancestors of man proba- 
bly originated among the forests and 
food plains of southern Asia and early 
began to migrate westward into northern 
Africa and western Europe.^’ J. M. 
Tyler® remarks; ^'But the climatic con- 

1 Pop. Science Monthly, 1910. 

a ‘'Men of Old Atone Age," 1918. 

® ‘ ‘ New Stone Ago in Northern Europe, ' ' 
1921, 


ditions of that time lead us to seek his 
original cradle somewhat further north- 
ward than India or even Baluchistan, 
and nearer to, if not in the great steppe 
zone of central Asia.'’ E. 0. Conklin 
says ' From his earliest home, probably 
in the table-lands of Central Asia, suc- 
cessive waves of human migration have 
flowed forth in all directions.” R. S. 
Lull observes ^ ‘ That Asia is the birth- 
place of mankind is seemingly estab- 
lished.” J. A. Thomson writes:® ”The 
possibility is that the cradle of the 
human race was in Asia.” W. H. Wor- 
rell says ” On the whole it appears most 
likely that man first appeared somewhere 
in Asia.” It is expected that the ex- 
plorations of Roy Chapman Andrews in 
Mongolia will confirm the Asiatic ori^n 
of man. 

^ ‘ ‘ Direction of Human Evolution, ' ’ 1021. 

• "Evolution of Man," 1922. 

• ‘ ‘ Outlines of Science, ^ * 1922. 

7 "Races in Ancient Near East," 1927. 



THE PEACEFUL PENETRATION OF ATOMISM 


By Dr. EDGAR J. WITZEMANN 

UNTVKRSITY OF WISCONSIN 


As the mass of facts and opinions 
avail£ible in the field of science grows at 
its present enormous rate, it becomes in- 
creasingly difficult to exercise that subtle 
discrimination by which we are often 
kept in the right path of progress. It 
becomes increasingly difficult to avoid 
blind alleys. This is realized by our 
more mature and successful colleagues, 
and tempts them to map out the path 
w'hioh must be pursued in the future. 
Much of this is of the greatest value, 
while on the other hand some of it comes 
from fatigued workers whose courage 
and insight are at a low ebb. In many 
instances the necessity of taking the sug- 
gestion cvm grano salts is obvious; in 
others it is not. Moreover, the map sup- 
plied is sometimes accompanied by a 
commentary, stating that certain courses 
must under no circumstances be entered 
upon because these lead to chaos. In 
other words, the straight and narrow 
path is pointed out with the warning 
that the other ‘‘goes to the devil.'' In 
this way the research worker is led to 
fear heresy and his colleagues to punish 
him as a heretic if he insists upon pur- 
suing his “evil" ways. Now “going to 
the devil" in the eyes of friends and 
colleagues has always been one of the 
unique privileges of a creative mind, and 
it would be unkind to minimize the 
hazards in this respect. However, there 
are certain heresies of this sort that 
ought to be discussed from time to time, 
because the fact that they are merely 
heresies and not errors is not altogether 
obvioua 

Recently the writer has heard and 
read a number of warnings against 
atomism in biological thought. This is 
alleged to be a line of approach to the 
problems of life which is bound to fail — 
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any other attack is to be preferred to 
the chaos that would result from such 
an approach. In justice to the commen- 
tators referred to, it ought to be admit- 
ted, in the beginning, that all of them 
were right when judged from the stand- 
point of their own view and vision of 
atomism ; and this essay is justified as an 
attempt to achieve a more adequate con- 
ception of atomism, not so much on the 
basis of what it has been, but upon what 
it now appears to be. 

For our purposes, we may define atom- 
ism as a conception that the universe is 
built up of discrete units. Such a view 
would be the opposite of that which con- 
siders the units in themselves as nothing 
— the whole is all that there is. 

Without attempting to justify either 
of these views or to elaborate upon the 
suggested polarity of view-point, let us 
consider the atomistic conception and its 
contributions, since this is the approach 
that we so frequently misunderstand, 
and is the exceptional, rather than the 
common view of things. 

Just who first adopted the atomistic 
way of thinking will never be known. 
We know to a certainty that cultured 
men have discussed the matter since 
ancient times. Thus the differences in 
the nature and qualities of emeralds, 
pearls and diamonds may well have been 
a subject of polite conversation in those 
days. Surely, on some such occasion a 
prophet ventured the statement that only 
by taking these gems apart could their 
true nature and the basis of their dif- 
ferences be determined. No doubt he 
was liiiughed out of court, and told that 
one might as well think that one could 
determine something of importance 
about a fine painting or fresco by discov- 
ering the nature of the pigments and 
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the vehicle used in the paint. This view 
held the field, for the main part, until 
about one hundred and fifty years ago. 
By that time the chemist had perfected 
his tools suificiently to attack the prob- 
lems effectively. The story of the solu- 
tion is well known and need not be 
reviewed. The atomist has pursued his 
way until he is now equipped to attack 
successfully all problems relating to the 
atomic constitution and nature of 
things. Moreover, he has taken his 
atoms, formerly indivisible (by defini- 
tion), and by subdivision has achieved 
the potent electron — the electrical atom. 
In so doing, he has brought his dead 
atom to ‘‘life,^’ to his own astonishment. 
Then, in order to visualize the relations 
and behavior of this living*^ ?itom, he 
has had to borrow concepts and methods 
from the great field of atomism — namely, 
astronomy. When these atomic physi- 
cists and astronomers get through with 
the chemist’s dead atom, it will be a 
strange and wonderful ** creature.” 

Now it is a surprising thing that some 
of our modern prophets wish to caution 
us against visualizing any possible inter- 
mediate realms of atomism developed on 
scales larger than the inconceivably small 
astronomical systems of the atomic phy- 
sicist and smaller than the inconceivably 
large ” atomic” systems of the astrono- 
mer. Such an attitude takes no account 
of the possibility that these two realms 
are the two ends of ”the same stick,” 
and that possibly the path that we are 
warned against is the obvious one for 
us to explore. Fortunately, perhaps, the 
warning comes too late. The atomic 
” horse” has already been stolen and 
used with effective power by biologists 
in several ways. 

The whole history of morphology illus- 
trates on the one hand the reluctance 
of the biologist to have recourse to 
” atomic” concepts, and on the other the 
marvelous illumination that has followed 
their use. -Eventually, however, the oell 


doctrine was achieved by the biologist, 
and in spite of the disadvantages of 
seeing so little of his problem at one 
time he has made enormous progress 
with it. This progress has been acceler- 
ated more and more as the focus has been 
sharpened and the conceptual magnifica- 
tion increased. For instance, the prob- 
lem of sexual reproduction is one of 
atomism. First, we had the microscopic 
sex elements. The novice shown a giant 
oak and then a grain of pollen from a 
blossom might easily find the suggestion 
ridiculous that such a minute bit of yel- 
low dust could play any significant role 
in the life of a great tree. But biological 
atomism has gone very much farther. 
This atom of the oak has been subdivided 
until the grain of pollen becomes a com- 
plex system of smaller units, some of 
which actually determine the species 
characters of the future oak-tree. 

Bacteriology in its various branches 
has developed its own atomism. Perhaps 
the original indivisible atom was in this 
case the bacillus, but as in the case of 
the chemical atom this is apparently 
undergoing subdivision and is breaking 
down as a limiting concept. We have 
the filtrable viruses and bacteriophage 
as possible subdivisions of the bacillus. 
In fact, the whole trend and the ten- 
dency of the recent history of the cell, 
the biologist’s ”atom,” is in the direc- 
tion of further subdivision, in which 
respect its fate is analogous to that of 
the chemist’s atom. 

We might elaborate the discussion of 
atomistic conceptions in biology, but the 
above is sufficient to indicate the impor- 
tance and fruitfulness of the view-point 
in the last fifty or sixty years. Probably 
these developments are not directly due 
to chemistry, but surely the workers in 
these sciences have not failed to obtain 
encouragement from the success of the 
chemist in his simpler field and problems. 
In fact, some of the fundamental ad- 
vances were made by chemists working 
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in these fields with their well-tried and 
proven chemical technique of thought 
and work. 

At just about this point, some one will 
wish to interject that the use of the term 
atomism in relation to morphology is, 
after all, based on analogy. The chemist 
has isolated his chemical elements, while 
the elements of the morphologist have 
never been isolated. In all fairness, we 
must admit that the geneticists have 
gone farther in the isolation of their 
‘‘elements'* than any one could have 
dreamed they would twenty years ago, 
and that the word “isolation" in this 
connection is used in a somewhat differ- 
ent sense than that in which it is usually 
employed by the chemist. The chief 
objection does not, however, arise in this 
connection. It actually arises from the 
fact that there is no known intermediate 
step between the field of these living bio- 
logical elements and that of the true 
chemical elements. Since this is the 
range in which we pass from the animate 
to the inanimate, in our usual way of 
thinking, it constitutes an important 
step. As we have seen, the biologist 
started from the consideration of gross 
units, and is moving toward the fine ; the 
chemist started his attack from the fine, 
and is moving toward the gross, as in the 
field of colloid chemistry, and they have 
not yet gotten close enough to join hands 
and forces to the best mutual advantage. 
Where will this union of forces occur, 
and what problem may it be expected to 
solve t To answer such a question is per- 
haps unwise, but if the attempted answer 
is stimulating, it will have served a use- 
ful purpose. 

It takes no especially profound insight 
to see that this union will occur in the 
field of the chemistry and biology of pro- 
toplasm and more specifically largely in 
the field of proteins, for reasons which 
may be briefly reviewed. 

Under the conditions existing on the 
earth, carbon and hydrogen form many 


compounds. If we add oxygen to the 
pair, the number is enormously in- 
creased. If we add a few other elements 
to the list and consider all known com- 
binations, the organic chemist will show 
us a series of several hundred thousand, 
and admits that he has no idea how many 
more he might obtain. Some of these 
compounds are proteins, and some of the 
proteins are water-soluble albumins. 
Although albumins from various sources 
appear to be very nearly alike chemi- 
cally, yet results of biological tests give 
basis for the belief that perhaps every 
species of plant and animal has its own 
specific albumins. The idea of similarity 
and identity arises only from the use of 
an inadequate method. The chemist is 
in this case driven to admit that so far 
as an eventual understanding of the 
nature of the species specificity of pro- 
teins is concerned, he has made about 
the same relative degree of progress that 
the ancients had made when they spoke 
of their four elements, one of which was 
‘ ‘ earth. " As we know, ‘ ‘ earth ' ' has now 
resolved itself into about ninety indi- 
vidual elements, and we know a great 
deal about how these are combined to 
make “earth." Zealous pursuit of the 
atomistic conception brought us to where 
we are at present in this field. The same 
type of attack has, however, so far failed 
to enable us to solve the protein problem. 
We know the nature of the chemical 
elements, of the chemical groups, of the 
chemical units or building-stones and 
many other facts about proteins, but all 
the things that we know tend to make us 
emphasize their similarities — they are all 
“earth." The true atomicity of these 
compounds, if they are to be viewed in 
this way, therefore involves something 
that is unknown, or at least is not asso- 
ciated with proteins in our thinking. 

That this unknown factor, whatever it 
is, lies at the very basis of life itself is 
clear to eve^ one who has thought of it. 
Along with water, proteins are quanti- 
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tatively the most important factor in the 
chemical basis of life. The three main 
or^nic components of the cell are pro- 
teins, carbohydrates and fats. The car- 
bohydrates are, aside from their elabora- 
tion into chemically inert systems for 
skeletal support in plants, the fuel of the 
organism, par excellence. The true fats 
are essentially food reserves, and so not 
primarily concerned. This leaves the 
proteins as the quantitatively important 
protoplasmic components which consti- 
tute the foundation structure for life, 
the activities of which are essentially 
conditioned by water and modified by a 
host of other components of no quanti- 
tative importance, but which qualita- 
tively have a very great importance, the 
limits of which are at present unknown. 
May we, therefore, not say that the pro- 
teins are the chemical atoms of life, and 
just as the nature of earths is determined 
by the chemical elements of which they 
are composed, so the nature of the organ- 
ism is determined in some important 
part by the characters of its proteins. 
That is, organisms are composed of 
atoms ’’ of a higher order than the 
atoms and simple molecules of the chem- 
ist that are usually considered. The 
chemist's failure to interpret life, there- 
fore, arises from his attempt to use a 
lower order of atoms and molecules as 
his units. Such “biochemical atoms” 
have nothing in common with the chem- 
ical atoms when considered in one way, 
and have everything in common with 
them when considered in another way. 

The idea that there is another world 
within the range of dimensions under 
consideration is not new. It is sug- 
gested by the arresting title of one of 
Wo. Ostwold’s books, “Die Welt der 
vernachlassigten Dimensionen. ” By in- 
corporating the idea of the neglected 
dimensions, Ostwald tried to drive home 
the fact that between the realm of molec- 
ular dimensions and that of microscopic 
dimensions there is a whole world of 


phenomena usually called colloid chemis- 
try. It is in this realm that the pre- 
paratory work is being done which will 
possibly lead to the definition, at least, 
of the biochemical elements of life, and 
possibly eventually at some future time 
to their isolation and synthesis. We 
are still in the alchemistic stage of this 
chemistry; our interest is chiefly the 
transmutation of base metals into gold, 
i.e., com into hog fat and pork chops, 
and the search for the philosopher's 
stone, i.e., condiments and cosmetics, 
anesthetics and aniline dyes. When our 
quest becomes unselfish, we will step out 
of the alchemistic period into the modern 
period of this chemistry. 

Although we can not define these bio- 
chemical elements, we can perhaps see 
something of how they will appear in 
general. In atomic chemistry, our 
atoms may lose or gain one or a few 
electrons, and in either case, they be- 
come chemically active, i.e., alive. 
Chemical death is persistent retention 
of just the right number of electrons. 
When atoms combine, presumably the 
attractions are satisfied, but if they re- 
main BO in all cases, we again have 
chemical death. When molecules or 
radicals have more or less than their 
quota of energy, even momentarily, they 
become chemically active. Without 
elaborating this in further detail, it is 
obvious that every atomic system, on 
whatever scale it is conceived, will have 
properties of this sort, and consequently 
one of the recognition signs of an 
“atomic system” will be this momentary 
lability or unsaturation. 

This hypothetical discussion may be 
summarized by saying that even now 
chemical data are falling into order in 
such a way as to justify the suggestion 
that the “biochemical elements” of life 
will be found in the range of colloidal 
phenomena, and that if they actually 
exist they will have a complexity of this 
order. 
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Filling out the atomic scale beyond 
the range of the morphologist’s units of 
cells and on into the higher ranges will 
not require so much imagination, but 
rather a fine sense of discrimination. 
For instance, an individual human being 
is a social atom. Polarity in the first 
instance arises with sex. One man and 
one woman, given suitable aifinity, con- 
stitute the most stable, self-contained, 
social molecule. Two of one and one of 
the other may develop instabilities not 
manifest in the simple binary unit. In 
fact, all the characteristic processes of 
chemistry can be readily represented 
and elucidated by the use of human 
relations, including positive and nega- 
tive as well as primary and secondary 
catalysis, autocatalysis, etc. These so- 
cieties are in turn the atoms of larger 
units. Moreover, it is clear from the 
biology of insects, and of man especially, 
that this building up of more and more 
complex units is an essential part of the 
evolutionary process. So, just as there 
is a periodic law of the chemical ele- 
ments in which similar properties recur 
in a somewhat different form, associated 
with a more complex atomic structure, 
so in nature as a whole there is a com- 
prehensive periodic law, of which that 
of the chemical elements is perhaps only 
the initial stage. Similarly, just as the 
stability of a chemical atom decreases 
when the complexity of the positive 
nucleus reaches certain ranges under 
oonditions that we know, so the bio- 
chemical elements of various orders 
reach limiting values. Thus, since sur- 
face increases as the square, while vol- 
ume increases as the cube, and since all 
cellular supplies and wastes must pass 
through the surface, the relation of sur- 
face to volume will show optima for 
every range of biological units. Thus, 
the yeast cell, the sponge, the elephant 
and the whale have met this problem, 
each in his own way, by developing its 
own “atomic” structure, its own or- 


ganization. This organization is usu- 
ally not evident except in synthetic or- 
ganisms like an army. Here trial and 
error has developed efficiency in build- 
ing up the “atomic” units in which the 
various problems of the existence and 
the functions of an army as a unified 
organism are solved. The same princi- 
ple will hold true for a leaf or a city. 
There must be an optimum size for 
leaves under given conditions in which 
the movements of the sap are balanced 
against the loss of water by evaporation, 
for instance. In the case of cities, the 
problems of procuring supplies and re- 
moving wastes develop as limiting fac- 
tors, not to mention other problems 
such as that of internal movement. 
Thus, Chicago is confronted with an im- 
mense sewage problem, while Los 
Angeles finds an adequate water supply 
an acute question, and New York is seri- 
ously limited in horizontal growth. 

Many other examples might be cited, 
but these are enough to indicate that 
very likely the size of atoms in gen- 
eral is determined by mechano-geometri- 
cal considerations just as it appears to 
be in the chemical atom. In all cases, 
many factors are involved in determin- 
ing the size of the unit, and it would be 
unwise to attempt to define them closely 
in any particular case at the present 
time. 

From all the above, it is becoming 
clear that the problem of philosophy 
and of science at present is accordingly 
not that of restricting the use of the 
atomistic conception, but of broadening 
it into a more powerful tool in the de- 
velopment of more adequate conceptual 
models of things in general. Probably 
every worker who has yielded himself 
to the atomistic conception of things did 
so with a secret dread that he was going 
to lose something precious, but found 
himself in the end enriched and better 
able to visualize and understand the unit 
which he had dissected. Moreover, hav- 
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hinuelf with the eom* 
P^«Nb> he iB better able to underatand 
Itot tlte unit is more than the sum of its 
pwrts. Thus, a physiologically normal 
salt solution is more than the sum of the 
salt and water of which it is composed. 
In general, even within the range of the 
so-called homogeneous systems of chemis- 
try, the more complex a system is, the 
more properties it possesses and the more 
subtle some of them are even to the 
point of being indescribable and im- 
measurable. When we pass into the 
range of heterogeneous and colloidal 
qrstems, this becomes even more true. 
Consequently, it is easy to see wl^ every 
thoughtful worker preoccupied wi^ 
atomistic concepts is never unaware of 
the so-called ‘‘Qestalt’* concept He 
realizes that his atoms, whatever their 
scale, are composed of simpler atoms,, 
and in turn constitute parts of larger, 
more complex atoms, and that any ac- 
count that he gives of the atomic sys- 
tem in which he is interested at the 
moment is incomplete. In fact, the 
atomist is the only worker who is trained 
and equipped to understand the state- 
ment that the properties of A' unit are 
never merely the algebraic sum of the 
properties of its component parts, re- 
gardless of the scale upon which these 
are defined. The properties of water 
are not merely the algebraic sum of those 
of hydrogen and oxygen. A man is 
more than the sum of the chemical sub- 
stances of which he is composed or than 
the sum of his individual organs and 
tissues. 

If we revert to the illustrations used 
in the introduction, it ai^ars Hiat the 
chemist, who by long experience has 
learned something about carbon, is bet- 
ter prepared to appreciate thb beautiful 


crystal aiehiteetuie of #e ^buaand. 
His knowledge uf oarboh l^epai# him 
to appreciate tiie greater nowteries of 
the emerald and tite pendu The paint 
chemist know! just whsare the ted^eal 
mastery of piBttt m anu f aetare stops and 
the skili of the artist begins. 

The danger that we appear to face 
in science, thoi, is not that of too much 
atomism, bnt rather that of not enough. 
Atomism has been a tremendously pow- 
erful intelleotnal tool in the eonqueet 
of our environment, but its successes 
have eonaisted in two steps — analysis 
and synthesis. If we stop at analysis, 
we are lost, and probably the waminge 
of onr prophets were really directed 
against this — ^the error of going only 
half way through. But here again, the 
classical method of chemistry should 
help us. According to this method a 
problem is not solved until the aiudysis 
has been confirmed by the synthesis. 
This, after all, must be the final test of 
all atomistic conceptions— analysis fol- 
lowed by synthesis. 

Finally, the writer is bound to say 
that if the reader has read this far and 
is not reduced to a state of profound 
humility at the sight of the work that 
remains to be accomplished^ and at the 
same time inspired by a senae of power 
and oourage at the cKunprehensive vision 
of what hat already been done, then he 
hat failed to follow the spirit of this 
essay. We stand as ohildrm with New- 
ton on the shore of the eea of time and 
space, picking up a pretty ahell or bit 
of coral here and tiiere, but we are pw- 
mitted to have the eonseiousneaa that 
the trifle that we have in hand hem 
some integral relation to the oeean of 
truth which lies beyond. 



THE CHEMISTRY OF THE FORMATION OF 
POISONS IN PLANTS 

By Lieutenant ROBERT E. SADTLER 


Many poisonous alkaloids, ^luoosidcs, 
toxins, loxal])nniins and saponins occur 
in various s[)Ocies of plants. There arc 
oth(‘r (‘hoiTiical substances found in 
plants whicli are not stronf^ly toxic but 
curative in their projxu’tics. Both 
classes of substances arc products of 
plant metabolism or serve as resei’ve 
food substances. For example, hydro- 
cyanic acid is regarded as the first prod- 
uct of nitrogen assimilation in the plant. 
These poisons also have a marked pro- 
tective function to the plant. Many 
poisons occur in the insoluble form in 
the cell-sap, as morjihin, atropin, digi- 
talin, veratrin and musc-arin, without 
injury to the plant. The physiological 
effect of various ])oisons upon different 
species of plants is variable, due to the 
variations in the constituency of the 
protoplasm of the plants. An alkaloid 
may act as a stimulant upon one plant 
and have a distinct toxic effect upon an- 
other plant of different species. 

The toxic substance may occur only in 
the seed of the plant, and after germina- 
tion the poison may be decomposed. In 
certain other plants, the earlier stages 
are non-toxic, but when it reaches ma- 
turity the poison is foimed in the latex. 
This is the usual process in the forma- 
tion of narcotic substances. In other 
cases, the poison is formed by the reac- 
tion due to the contact between two dif- 
ferent tissues or parts of the same plant. 
Hydrocyanic acid is formed in this man- 
ner from the glucoside, amygdalin, by 
contact with an enzyme ’ emulsion. 
Amygdalin occurs in the leaves of the 
cherry -laurel, and in the bitter almond. 

The chemical activity of the individ- 
ual vegetable poison is largely depen- 
dent upon the age of the plant produc- 


ing it. The poison m ly be found in 
many different parts of the plant, as the 
stem, flowers, root, fruit, loaves or seed. 
Usually the poisoii found in aerial j)nrts 
of plants is more transicuit than poison 
found in stem or roots. In certain 
cases, only the subterranean part, of the 
plant is poisonous, as in the common 
European violet. Or tJie poison may be 
produced solely by the action of light, 
upon the subterranean ])art of the plant. 
An illustration of tliis is the green tiib(‘r 
of the j)otato. 

Poisons are elaborated equally well 
both in deciduous and evergreen leaves, 
A thorough stud}'’ of their relative t ox- 
hut y, however, has never been made. 
The production of j)oison in plants is 
jilso dependent upon the following envi- 
ronmental factors: heat, light, season, 
soil, climate, fertility and culture. And 
of these factors, season, climate and cul- 
tivation, without question, play th(‘ 
greaiesl ])art in the formation of poison 
in plants. 

Heat, when prolonged, causes dessica- 
tion of the plant, evaporation of vital 
plant juices and volatilization of some of 
the poisons. 

Light retards the growth of parasitic 
fungi and bacteria. Light also renders 
certain species of pathogenic bacteria 
quite innocuous. Certain poisons are 
formed only in the presence of light, and 
others only in darkness. Solanin 
(C^gH^nNOn), a poison obtained from 
Bolanaeeous plants, is produced only 
in the presence of light. Atracty- 
lin is another poisonous alkaloid pro- 
duced only in darkness. 

The amount of poison contained in 
the leaf and stem of a plant varies with 
the advance of the season. In some 
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I)lant8, the i)oison passes from the leaves 
and becomes concentrated in the seed. 
Experimental work has shown tliat some 
plants are less toxic in summer than 
they are in fall, winter and spring. 
Plants which illustrate this principle are 
cowbane {Cicuta maculata), and mus- 
(luash-root {Cicuta vagana). The fact 
has also been definitely established that 
plants lose much of their toxicity as they 
appioach the flowering stage. The 
largest amount of acrid toxic substance 
is concentrated in the plant in spring. 
This has been shown by experiments 
with the opium plant and larkspur. 
However, there are some plants such as 
the mountain laurel which are most 
toxic in winter. 

The content of hydrocyanic acid in 
iflants also varies with the seasons. Ex- 
[)eriments with the plane-tree have 
shown that the hydrocyanic acid content 
is greatest in young leaves. Experi- 
ments with other plants indicate also 
that as the poison becomes concentrated 
in the pod, the leaves become less toxic. 

The exact part played by soil in the 
formation of the poisonous constituents 
of plants has not been fully determined. 
It is known that calcareous soils affect 
the color of certain poisonous plants and 
decrease their toxicity. 

Climate has a significant influence 
upon plants, for example, cherry-laurel 
and aconite, which are poisonous in 
temperate regions, lose their toxicity 
when taken into colder regions. More 
poisonous species of plants are found in 
tropical regions than in colder zones, 
largely because of the heat and hu- 
midity. 

The relative humidity of climatic 
zones affects the quantity and quality of 
vegetable poisons produced in the plant. 
Dry climates produce a greater amount 
of glucoside which can be converted into 
hydrocyanic acid (by hydrolysis) than 
moist regions. For example, the amount 
of alkaloid in the cola-nut varies with 
the climatic zone. The superior quality 


of certain kinds of opium is attributed 
to climatic conditions. These conditions 
also affect the amount of nicotin found 
in tobacco. The percentage of nicotin in 
tobacco varies from one half of 1 per 
cent, to 8.8 per cent., largely dependent 
upon soil and climatic conditions. Other 
chemical products of plants vary with 
climatic conditions also to a considerable 
degree. 

Poisonous plants are usually very fer- 
tile. Culture of poisonous plants may 
eliminate the poisonous substance from 
the plant. Illustrations of this fact are 
seen in wild vetch and aconite, which 
when cultivated lose most of their toxic 
properties. Also certain forms of toxic 
bacteria, e.g., Streptococcus pyogenes, 
lose their pathogenic properties when 
cultivated. However, there are many 
plants which retain their toxicity al- 
though they have been extensively culti- 
vated for centuries. 

Toxic substances usually have a wide 
distribution in related species of plants. 
For example, hydrocyanic acid varies 
from 2.2 per cent, in the kernels of fresh 
peach to 4.8 per cent, in the bitter 
almond. 

There is also a wide distribution of 
toxic substances in plants that are not 
phylogenetically related. The irritant, 
glucoside poison, saponin (C 82 Hg 4 Pie), 
occurs in many different plants with 
widely varying botanical characteristics 
as quillaia and soap-wort. 

Some of the most important families 
of plants having species which contain 
saponin are : Rutaceae, Sapotaceae, 
Saxifragaceae, Simarubaeeae, Solana- 
ceae, Tiliaceae, Araceae, Begoniaceae, 
Berberidaceae, Caryophyllaceae, Com- 
positae (Arnica), Convolvulaceae, 
Dioscoreaceae, Euphorbiaceae, Filices, 
Graminae, Hippocastanaccae, Legumino- 
seae, Liliaceae, Loganeaceae, Myrt^aceae, 
Oleaceae, Passifloraceae, Polemoniaceae, 
Polygalaceae, Primulaceae, Ranuncula- 
eeae, Roseaceae, and Rubiaceae. 

The most important families of plants 
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containing glucosides yielding hydro- 
cyanic acid are : Gramineae, Compositae 
(Briza, salt grass, wild rye, etc.), 
Ranunculaccac, Pilices, Euphorbiaceae, 
and Saxifrage family. Of this last 
family, the most toxic plant is Jamesia 
or Rocky Mountain shrub. 

One of the most important classes of 
vegetable poisons — the toxalbumins — are 
produced by the action of bacteria and 
fungi. Some of the most important of 
these poisons are found in the plant 
juices, as phallin, abrin and ricin, which 


occurs in castor-oil seed. Black locust is 
another important type of toxalbuminic 
poison. 

The purpose of this paper has been to 
summarize the factors which produce 
poison in plants, and to state briefly 
some of the general principles of vege- 
table poison formation. 1 have also re- 
ferred briefly to several poisons pro- 
duced by bacterial action, and named 
some of the plant families in which cer- 
tain specific poisons, like hydrocyanic 
acid, occur. 


STUDENT HEALTH SERVICES AND MODERN 

MEDICINE 

By Dr. J. HOWARD BEARD 

UNIVERSITY OF ILLINOIS 


The progress of modem medicine is 
determined by three factors : a sufficient 
number of well-trained physicians, fruit- 
ful research and a public who appre- 
ciates the possibilities of medicine to 
serve it. The greatest of these three is 
an intelligent public, sympathetic with 
the medical profession and ready to give 
public health administration the neces- 
sary moral and financial support to make 
it commensurate with scientific knowl- 
edge. 

Medical Training 

There are approximately 149,521 doc- 
tors in continental United States, which 
is one physician to every 793 persons in 
the population. The total deaths in the 
profession during 1927 was 2,790. The 
number of graduates of medical schools 
for the year ending June 30, 1928, was 
4,262, which, without allowing for the 
failure of the two periods to coincide, is 
a net gain of 1,472 doctors for the year. 

In spite of the requirement of high- 
school graduation, two years’ college 
education, four years’ professional train- 
ing and a year’s internship to be eligible 


to practice, the number of students en- 
tering medical schools since 1919 has 
shown an increase of about 1,000 per 
annum. As only 17 per cent, of those 
matriculating fail to graduate, the 
steady increase in the number receiving 
the M.D. degree not only insures a re- 
placement of the physicians who die or 
become inactive but it also provides for 
the annual addition to the population. 

There is no shortage in physicians for 
the country as a whole, but there are 
certain irregularities in their location 
that are due to the social, educational, 
economic and professional advantages 
associated with density of population, 
rapid transportation and with the need 
of hospital and laboratory facilities in 
the practice of modern medicine. The 
rapid increase in the mileage of im- 
proved roads is making the town and 
country mutually more accessible and 
is doing much to relieve the rural sec- 
tions of the disadvantages due to un- 
equal distribution of doctors. 

The above considerations are pre- 
sented to emphqpize the fact that, what- 
ever its handicaps, modem medicine is 
not likely to be retarded in its progress 
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by the lack ol‘ n sufficient number oi‘ 
highly trained ])hysiciftns to practice it. 

Productive Research 

The epochal contributions to medicine 
during the last fifty years prove that 
medical progress has not been seriously 
impeded by tlie want of discovery dur- 
ing tlic last five decades. Medical knowl- 
edge lias increased more in the period 
from Pasteur to Ranting than from the 
beginning of the practice of medicine by 
ancient priests to ]870. Research has 
been overwhelmingly prolific and its re- 
sults revolutionary. The profession has 
been swamped with facts and technique 
until in self-defense its members have 
been compelled to limit their activities 
to escape superficiality and to make it 
possible to exploit adequately a particu- 
lar field. 

In brief, tliis is the story of the crea- 
tion of the hundred and one specialties 
of medicine. Ijikewise, it is the history 
of productive investigation at the bed- 
side, in the clinic, in the laboratory and 
in the great institutes of research. To- 
day, discovery follows discovery with 
such rapidity that there appears to be 
no decrease in the fertility of research. 
There is no indication that medical 
progress will halt because of the failure 
of scientific investigation to mine new 
facts. 

The Perplexity of the Public 

If the profession lias had to narrow its 
front to increase its depth and strength, 
what is the perplexity of the average 
layman when he contemplates medicine 
in its relation to himself, his family and 
his community? If it is true that the 
average citizen’s knowledge of medicine 
is on the average three generations be- 
hind the ]irofession, how out of date 
must be his medical conceptions when 
medicine has acquired more facts in the 
last five decades tlian in the previous 
five thousand years? 


In the disparity between scientific 
knowledge and public information is 
found the explanation for such acts as 
that of a graduate of two universities 
])Utting a fly blister on his elbow to keep 
influenza out of his mouth, and that of 
the painter with a fourth-grade educa- 
tion on a city council defeating a model 
milk ordinance endorsed by the local 
medical jirofcssion, the surgeons-general 
of the army and U. S. Public Health 
Service and by the director of the State 
Department of Health. It also explains 
the reason for an outstanding financier 
glazing his home with costly special glass 
to protect his children against rickets 
when two minutes out of doors would be 
worth fifteen hours inside the house fif- 
teen feet from the window. 

It should cause no surj^rise when indi- 
viduals otherwise known for their excel- 
lent judgment are found worshiping at 
the shrines of pseudoscience and un- 
scientific medicine. Current periodicals 
portray the virtues of glorified antisep- 
tics, the miracles wrought by yeast, the 
wonders accomplished by artificial light, 
the preposterous claims of the latest 
proprietary, food or fad, and by no 
means least the sylph-like beauty to be 
derived by maidens reaching for a cigar- 
ette instead of a sweet. 

In such advertisements the truth is 
twisted cleverly to trap both the igno- 
rant and the gullible. Such health 
appeals block the progress of medicine 
by filling the layman’s mind with medi- 
cal ^‘bunk” and scientific “hooey.” 
Neither medical training nor research 
can meet such a situation. Education 
alone is the solution. 

The public is becoming more and more 
enmeshed by cults, “-isms,” “-pathies” 
and therapies. In the year 1929, voo- 
dooism is reported to be wide-spread in 
some of the most prosperous counties of 
one of the oldest and most enlightened 
states of the union. Even murder is 
committed by its exponents to get a lock 
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of hair to bury eight feet underground 
to break a ' ‘ spell. ’ ' 

Quackery has never been so high- 
powered, more able to deceive the aver- 
age individual, more costly than to-day. 
The great developments of scienec in the 
last few decades afford it so many 
chances for new disguise in apparatus, 
method and formula that it has not only 
become a menace to health and the prog- 
ress of medicine, but it takes millions of 
dollars annually from those least able to 
])art with their money. 

Though the timth is said always to 
triumph, the odds favor quackery. 
While a scientific fact is singular, fraud 
built about it may be multiple. It is 
easier to educate to buy than to teach to 
understand. Besides, mankind in gen- 
eral seems more resistant to truth than 
humbuggery. As medicine becomes 
more technical by the greater applica- 
tion of biology, physics and chemistry to 
diagnose, control and treat disease, only 
the searching rays of knowledge can 
save the j)ublic from the pseudoscience 
of the mountebank. 

The Magnitude ob’ the Task of 
Medicine 

The mission of medicine is not only 
the alleviation of human suffering but it 
has the more sacred duty of promoting 
a national vitality and intelligence 
which shall make the nation immune to 
the forces of degeneracy and retrogres- 
sion which laid waste the empires of the 
past. As Laycock has pointed out, man 
as compared with other animals is pecu- 
liarly predisposed to degeneration of the 
nervous system, and civilized man more 
so than his uncivilized brother. For this 
reason and for the fact that, with pain- 
ful regularity, nations have risen only 
to decay, certain observ^ers have seen in 
civilization the symptoms of disease 
whose end is national dissolution. If 
such views are correct, modern medicine 
has a challenge which will tax its every 
resource. 


There are no more undiscovered con- 
tinents in which civilization may be 
revitalized by pioneers developing a new 
life in a new world. The rejuvenation 
of nations by incursions of a more vig- 
orous primitive people becomes unlikely 
with the greater development of commu- 
nication, the intermixture of customs 
and world-wide recognition of national 
boundaries. As the center of population 
moves farther and farther into the city 
and rapid transportation makes the 
rural sections increasingly the suburbs 
of a metropolis, the countryside corre- 
spondingly loses its value as a producer 
of a bold peasantry able to give renewed 
vigor, “Where wealth accumulates and 
men decay.'’ 

National vigor must depend more and 
more upon the taking of thought. Man 
faces the issues squarely of whether or 
not he is capable of employing scientific 
knowledge in time and thoroughly 
enough to produce racial betterment, to 
insure each of his fellows sanitary living 
conditions and to obtain the health 
which qualifies him to live most and 
serve best. 

While research has thrust upon two 
generations a mass of facts concerning 
heredity, the processes and development 
of life, the interrelationships of species 
and the possibility of advancing human 
welfare, greater than man has known 
j?ince Adam left Eden, parallel develop- 
ment in the mechanical arts, in the use 
of electrical energy, in the application of 
chemistry and in transportation makes 
this extraordinary advancement only 
relative rather than phenomenal. 

Two health problems have been pro- 
duced for each one that industrialism 
and engineering have furnished the 
means of solving. Needs arise and op- 
portunity knocks, but generations pass 
before the one is met and the other 
licard. If to this situation is added the 
usual long latent period between the 
acquisition of knowledge and its general 
use by the public, it is clear that modem 
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medicine faces a gigantic task in making 
its performance commensurate with its 
possibility. 

The Trend of the Health 
Movement 

From isolation practiced by the 
ancient Hebrews and later legalized as 
quarantine by the Venetians, preventive 
medicine entered an era of sanitation. 
From an epoch of ^'clean-up,” it has 
become intimately personal. Therefore, 
its future depends upon the success of 
making every intelligent citizen an 
active public health worker, otherwise 
majority action to obtain individual 
benefit is impossible. 

To-day the periodic physical examina- 
tion and health education are declared 
to be the most hopeful means by which 
modern medicine can further increase 
the average expectancy of life, promote 
physical eflficiency and insure national 
vitality. If such are to be its weapons 
in a new day to meet new conditions, 
there is no agency anywhere in a more 
strategic position to serve the public and 
to advance the progress of medicine than 
a student health service in an institution 
of higher learning. In their ability to 
serve society is the secret of the phe- 
nomenal development of these depart- 
ments in universities, colleges and nor- 
mal schools. 


Student Health Services 

A student health service is a health 
center within an institution of higher 
learning. It is dedicated to the concep- 
tion that constructive dynamic living, in 
the best environment that modem 
science can provide, is the rightful in- 
heritance of every individual. To attain 
this ideal it teaches the student the prin- 
ciples of hygiene and sanitation as they 
relate to him, to his home, to his vocation 
and to his community. Its methods are 
classroom instruction, the periodic 
physical examination, the personal con- 
ference, demonstration of disease control 
and the maintenance of sanitary sur- 
roundings. It strives to reveal to the 
leader of to-morrow the benefits to be 
derived from hospitalization, public 
health and modern medicine, because 
such knowledge will mean much to him, 
to his family, to his community, to diag- 
nosis, to treatment, to the equipment and 
maintenance of hospitals and to national 
vigor. 

It is the purpose of health services 
neither to pauperize nor patemalize 
students nor to socialize medicine, but to 
put the college graduate and the physi- 
cian shoulder to shoulder to mutual 
advantage in serving society, in advanc- 
ing scientific medicine and in making a 
better world. 



THE PROGRESS OF SCIENCE 

THE THIRTEENTH INTERNATIONAL PHYSIOLOGICAL CONGRESS AT 

HARVARD UNIVERSITY 


Internatjonal scientific congresses 
met but rarely in the United States be- 
fore the war. Since the resumption of 
international relations there have been 
congresses of botany, agriculture and 
entomology ; now congresses of physiol- 
ogy and psychology have been held here, 
the former at Harvard, the latter at Yale. 
These congresses were successful beyond 
expectation, most of all in the attendance 
from abroad, although tfie number of 
American members and the number of 
papers presented by tliem are also note- 
worthy. This is fortunate, for as one 
of the speakers is reported in the daily 
press to have said: '^International con- 
gresses arc significant factors in the ad- 
vancement of scientific research ; they 
also promote international cooi)eration 
and good-will. The objects of the sci- 
ences are more ideal than the objects of 
the churches ; their practices arc more 
Christian. When in the fulness of time 
there is a family of the nations, when 
each will give according to its ability 
and receive according to its needs, when 
war among them will be as absurd as it 
would now be for members of this con- 
gress to begin murdering one another, 
this will be due in no small measure to 
cooperation among scientific men of all 
nations in their common work.'' 

The number of members registered at 
the Physiological Congress held at Bos- 
ton an^ Cambridge during the third 
week of August eventually reached 1,654. 
This is more than twice as many as have 
been enrolled in any previous congressr 
Especially remarkable is the apparent 
fact that more Europeans were in at- 
tendance here than ever on their own 
continent. Of the registration reckoned 
above, 1,229 names were entered in sea- 
son to be printed on the program. A 


rapid and approximate check-up brings 
out the following facts. The number 
from outside the United States and 
Canada is 530, 43 per cent, of the total. 
Germany leads with 94. France and 
England appej^T to be tied with 74 from 
each. Italy follows with 43; other coun- 
tries in order are Austria with 28, Hun- 
gary 26, Russia 25, Belgium 20, Czecho- 
slovakia 16, Holland 15, Spain 14, 
Sweden 13, Japan 11, China 10. The 
total number of countries comes to about 
39 — subject to variation according to 
one’s judgment as to whether provinces 
and colonics shall be distinguished. The 
re[)resi!nta1ion of Latin America was not 
large — about 13. 

Analysis of the program shows that 
about 440 papers were given ond 55 read 
by title. There were also some 78 
demonstrations. As a rule, five or six 
sessions were progressing simultaneously, 
but by a well-contrived use of bulletin 
boards information was given in each 
room of the point reached in every other 
schedule ; timely shifting was thus made 
easy. Of the papers read about 87 were 
ill German, 47 in French and 18 in 
Italian. The general superiority in com- 
mand of language manifested by our 
guests from abroad afforded food for 
reflection. A demonstration was given 
by Dr. Dusser de Barenne, of Holland, 
when he answered questions of Germans, 
Frenchmen and Americans each in their 
native speech. Even more impressive 
was the performance of Dr. Anrep when 
he swiftly rendered the Russian of Pro- 
fessor Pavlov into faultless English. 

At the opening meeting, held in 
Sanders Theater, Cambridge, Surgeon- 
General Hugh S. Cummingy pf i&ie U. S. 
Public Health Service, gave* an address 
of welcome on behalf of the United 
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])B. WILLIAM H. HOWELL 

President of the Thirteenth lNn:KNATiONAL Physiolooical (Jonokess. Dr. Howell has 
SEEN PROFESSOR OF PHYSIOLOGY AT THE JOHNS IIOPKINS UNIVERSITY SINCE 1888. He IS NOW 
DIRECTOR OF THE SCHOOL OF HYGIENE AND PUBLIC HEALTH, 
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AT THE INTERNATIONAL PHYSIOLOGICAL CONGRESS 
Professok Pavlov, of Leningrad, and Professor Cushing, of the Harvard Medical School 
AND THE Peter Bent Brigham Hospital. Professor Pavlov, a distinguished member of 
the physiological and psychological congresses, celebrated in September his eightieth 

birthday. 
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AT THE INTERNATIONAL PHYSIOLOGICAL CONGRESS 
On the left ib Dr. Beip Hunt, professor op pharmacology at Hauvahu University; in the 
CENTER, Dr. Boss G. Harrison, professor of comparative anatomy at Yale University ; at 
THE RIGHT, Professor W. II. Howell, president of the congress. 

States government. He was followed by following the addresses of welcome. 
Lieutenant-Governor William S. Young- Professor Krogh is director of the Zo- 
man who welcomed the members of the ophysiological Laboratory at the Uni- 
congress on behalf of the Commonwealth versity of Copenhagen and a Nobel Prize 
of Massachusetts. President A. Law- winner for his work on the physiology of 
rence Lowell greeted the congress and the capillaries. The formal dinner was 
welcomed it to Harvard University, presided over by Professor W. B. Can- 
The last of the addresses of welcome was non, of the Harvard Medical School, 
delivered by the president of the con- The 1,600 in attendance exceeded the 
gress, Professor William H. Howell, of capacity of Memorial Hall and overflow 
the Johns Hopkins University. An ad- dinners with loud-speakers were neces- 
dress on “The Progress of Physiology’’ sary. At -the closing exercises an ad- 
by Professor August Krogh, of the Uni- dress entitled “Reminiscences of the 
versity of Copenhagen, was delivered Early Days of the Physiological Con- 
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DU. JAMES ROWLAND ANGELL 

1*IIES1I)ENT or YA1,E UNIVEUSITV and VK'E-rKESIDENT OF TIIE iNTEhNATlONAL CONORESS OP PSY- 
rllOIAJOY. Dr, AN(IEI.L was FROFERSOR of P8YCUOLOOY AT THE UNIVERSITY OF CHICAGO FROM 

1804 TO 1020. 
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PSYCilOi^OGTSTH AT YALIO UNIVERHITY 


presses” was delivered by Professor 
Leon Frederieq, i^n^sident of the Second 
International Conprcss, which was held 
in 1892 in Liege, where he is now pro- 
fessor emeritus. 

It has been of interest to analyze the? 
list of communications with the object 
oi finding out whether particular sub- 
jects are receiving unusual attention. 
One might guess that this would prove 
true of the endocrine system, vitamins, 
the eflfects of radiant energy and electro- 
physiology. But when the tabulation is 
made the distribution seems to be re- 
markably impartial. If the chapter 
headings from a standard text were used 
to classify the titles there would be no 
disproportionate massing under any of 
them. There are workers in every field 
and they do not migrate in large num- 
bers. One subject at least — H-ion con- 


centration — does not loom so large as it 
did in programs of a few years ago. 
Moreover, many must have found it a 
heartening fact that a goodly proportion 
of Ihe papers were frankly qualitative. 
Kvidently there, is still work for the non- 
mathematical physiologist. 

The social features of the congress 
were mernorabh'. Perhaps the scene 
which will most often be recalled was 
that presented by the great court of the 
Harvard Medical School on Wednesday 
evening. No setting could have been 
more stately or befitting the occasion. 
There was a soft and uniform illumina- 
tion of the marble walls, with orchestral 
music. When the moon topped the 
copings a guest said to Dr. Cannon : 
*'That is the only thing about all this 
that seems real.” 
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PSYCHOLOGISTS AT YALE UNIVERSITY 

A GROUP TAKEN IN ONE OF THE COURTS OF YaLE UNIVERSITY SHOWS PART OF THE PSYCHOLOGISTS 
ASSEMBLED. SEATED IN THE FRONT ROW ARE MEMBERS OF THE AMERICAN NATIONAL COMMITTEE. 

Beginning at the cross on the leit' are Professor Anoier, of Yale, chairman of the local 
(’.OMMiTTEEj Professor Langfeld, or Princeton, foreign secretary; Dr. Anoell, president 
OF Yale and vice-president of the congress; Dr. Cattell, president of the congress; 
Professor Washburn, of Vassar; Professor Pillsbury, of Michigan; Professor Warren. 
OF Princeton; Professor Bentley, of Cornell; Professor Hunter, of Clark, executive 
secretary; Professor Boring, of Harvard, secretary; Professor Anderson, of Minne- 


THE NINTH INTERNATIONAL CONGRESS OF PSYCHOLOGY AT YALE 

UNIVERSITY 


The International Congress of 'Psy- 
chology met at Yale University from 
September 1 to 8, with a total attendance 
of 1,051. Of these 123 were from 
abroad, Canadians and Mexicans being 
counted as Americans. There were 
])rescnt 722 members and associates of 
the American Psychological Association, 
wliich is a remarkable record, for the 
association has in all 893 members with 
about 200 recommended for membership 
and included among those to whom invi- 
tations were sent. There were, in addi- 
tion, 271 American members who were 


unable to be present, so the total mem- 
bership was 993 from about 1,100 Amer- 
ican psychologists. The situation thus 
differs from that of the Physiological 
Congress where foreign members and 
foreign papers were relatively more 
numerous. This, however, represents 
the international situation, for fully one 
half the psychologists of the world are 
Americans. In one of the papers pre- 
sented at the congress it was shown that 
among the contributions abstracted' in 
Psychological Abstracts during the past 
two and a half years, 5,449 were from 
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PSVrCHOLOaiSTS at yale univebsity 
sota; Professor Lasiiley, president of the American Psychological Association; Pro- 
fessor Pavlov, of IjEninorad; Professor Dodge, of YaIiK, chairman of the program com- 
mittee. In front of those just mentioned are three others of the national committee, 
Professor Seashore, of Iowa; Professor Fehnuerger, of Pennsylvania, and Professor 
Thorndike, of Teachers College, Columbia. Standing above are foreign members op the 
CONGRESS; Professor ClaparSide, of Geneva, permanent secretary op the international 
congresses, and Mme. ClapakEde being marked with an O. 


Uie United States, 1,549 from Germany, 
836 from Great Britain and its domin- 
ions, 811 from Prance, 218 from Italy, 
149 from Russia and 371 from other 
nations. There were presented before 
the congress about 360 papers by Amer- 
icans and 97 papers by foreign members. 

The American members were from 42 
states and from Porto Rico, Canada and 
Mexico. New York led with 196, fol- 
lowed by Massachusetts 80, Illinois 42, 
Pennsylvania 40 and Connecticut 39. 
Twenty-one foreign countries were rep- 
resented, those with five or more mem- 
bers being England 22, Germany 17, 
Soviet Russia 10, Netherlands 8, India 


6, Austria, France, Switzerland and 
Japan 5 each. Special invitations were 
sent to foreign nations through our De- 
partment of State. It is unfortunate 
that South America was represented by 
only one member. 

At the opening session the members 
were welcomed to Yale University by 
President Angell, at the same time presi- 
" dent of the university and vice-president 
of the congress. The foreign members 
were welcomed to the United States by 
Dr, William John Cooper, commissioner 
of education, who was summoned by tele- 
gram from Alaska by President Hoover 
to perform this office. The address of 
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the president, Dr. J. McKeon Cattell, 
was then given on ''Psychology in Amer- 
ica.’^ There were but few formal meet- 
ings or entertainments at Now Haven, 
but the arrangements for lodging in the 
beautiful Ilarkness dormitory and for 
meals in University Hall gave the best 
possible facilities for social meetings. 
The program differed from that of the 
physiologists in that there were, each 
evening two lectures given by distin- 
guished foreign members with one Amer- 
ican, Professor E. L. Thorndike, and on 
one evening the address of the president 
of the American Psychological Associa- 
tion, Dr. Karl S. Lashley, now of the 
University of Chicago. There were usu- 
ally three sessions in the morning for in- 
vited contributions, papers from foreign 
members here predominating. In the 
afternoon there were numerous simul- 
taneous sections at which all psycholo- 
gists who had research to report were 
given an opportunity. The discussions 
at these sections, often confiued to a rela- 


tively small and definite field, were of 
special interest. 

Arrangements for the entertainment 
of the foreign guests were not limited to 
the meetings at Harvard and Yale. 
Many of them were provided with lec- 
ture engagements before and after the 
congress which assisted in defraying the 
expenses of travel. For example, six 
state universities arranged to have as 
part of tlieir summer sessions a course 
on psychology given by six distinguished 
foreign psychologists, each visiting the 
university for a week. After the Physio- 
logical Congress the foreign members 
were taken to Woods Hole by motor bus 
and then by boat to New York where a 
whole week was given to entertainments, 
excursions and visits to scientific insti- 
tutions, An excursion was then made to 
Canada, The foreign psychologists were 
entertained before the congress at 
Princeton and Columbia and afterwards 
at Harvard, with trips arranged to 
Smith College, Clark University and 
Woods Hole, 
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BIOLOGICAL STATIONS OF JAPAN 

By Profeisor M. F. GUYER 

PBPARTMENT OF ZOOLOGY, ITNIVKHSITY OF WISCONSIN 

THE MARINE BIOLOGICAL STATION AT ASAMUSHI 

Rarelt indwd can the zoologist com- lishment, which compares favorably in 
tna«d a modern, well-equipped labors- equipment with any marine laboratory 
tory and veritable fairy-land of natural in the world, offers its hospitality to na- 
enobantment all in one setting, but ex- tive and foreigner alike. To speak of 
actly this combination awaits the scien- the low cliffs, the rocky beaches, the 
tist who chooses to visit the Marine wild, indented shore-line, the mountain- 
Biological Station at Asamushi. Situ- ous hills which spring abruptly from the 
ated on the northeastern coast of the sea, the beckoning coves and channels, 
main island of Japan, seventeen hours’ is but to catalogue the material realities 
i(mr0©y from Tokyo and eight from of the place, whereas it is, in tact, an 
Sendai, this up-to-date attractive estab- indescribable ethereal quality which lays 





386 


THE SCTENTIFIC MONTHLY 



VIEW OP THE AQUABIUM BUILDING 
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DORMITORY AND REFECTORY WITH OFFICIAL RESIDENCES BEYOND. 


hold of the senses when one visits this the year round, although summer and 
land of pastel hues, mysterious hazes and autumn are the seasons of greatest ac- 
cameo-cut x)erfections. tivity. In the summer of 1928 the staff 

Although located in a part of Japan and employees numbered fourteen, with 
where little English is spoken, American Professor Hatai as director, Assistant 
students need fear no serious linguistic Professor Seiji Kokubo, administrator, 
inconveniences, for the hospitable direc- and three assistants — Shunichi Takasuki, 
tor is none other than Professor Shin- Yoshiro and Sadao Tanohe — serving as 
kishi Hatai, so closely identified with resident naturalists. 

American zoology through over twenty- The chief structures consist of a corn- 
five years of sojourn in the Universities modious, well-equipped laboratory build- 
of Chicago and Cincinnati and the Wist a r ing, a large concrete aquarium building 
Institute, that we regard him as prncti- which houses a series of beautifully 
caUy one of our own citizens. Speaking maintained aquaria and a museum, 
English himself and with four children a combined dormitory and refectory 
reared in the schools of America it is which accommodates about fifty persons, 
needless io say that English is almost as and four official residences. A unique 
current a language at the station as Jap- feature of the station is an under-sea 
anese itself. laboratory designed for studies in ex- 

The station was founded in JulJ^, perimental evolution, physiology and 
1924, and is an extension of the Insti- ecology. This building is half sub- 
tiite of Biology, Tohoku Imperial TJni- merged in the sea at the shore-line with 
veraity, of Sendai, Japan. Although the floor about six feet below aearlcvel. 
intend^ primarily for the students and The aquaria in it are supplied by the 
faculty of its own University, investiga- ebb and flqw of natural sea-Ufater, with 
tors ara welcomed at any time. The temperature, salinity and other condi- 
ddrihttory and staff residences are open tions similar to those of the open sea, so 
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NEARER VIEW OF AQUARIUM BUILDING AND THE MAIN LABORATORY. 



PLAN OF BUILDINGS AND GROUNDS 


1. Laboratory. 2. Aqvaudu bqvbx. 8. BoRJutHo Rouai. 4, li ,% 7. BsstoxNcitB. S; Boat 
I 10 U 8 I. 9. Breakwater. 10. Mamme root. i;i. FuMriiro bodhe. 12. UKMBHBA. tARORAT 

TORY. 18. EeEOTKIC FLANT. lA AOVARIVU. 19. MterBOKOUNKOAL. •OMIKir. 16. GA8 (ttKSKATIlK) 
PLANT. 17. Storage. 18. berebve hoose for tiYiiro nsBsa. 'IS. 80. iioMOv 

HOOTE, 21. Bird BOOBE. 82, Bird bouse. 28, Uowxby bws|. 84. Saut-watbr tank, , 

25. FRESB-WATER TANK. 26. FLAO POLE. 27. PUR. 26. Storaqe. 88. Welu 80. ifWsB- 
WATKR WELL. 
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tl^at experimental marine animals may 
live under practically normal conditions. 
Lighting can be controlled at will. 

The main laboratory is a two-storied 
brick building with eight research rooms 
for the faculty, a large laboratory for 
general students, a physiological labora- 
tory, a biochemical laboratory, a dark- 
room and sundry other rooms all 
furnished both with running sea and 
fresh water. This building also houses 
the library. 

Two motor-boats are used in collecting 
and transporting various marine forms 
during all but the coldest part of the 
year. The exhibits in the aquarium 


building are discontinued for the winter 
in November of each year. Although 
the fauna and flora are less rich than 
those of southern Japan, an unlimited 
supply of the larger starfishes, ascidians, 
brachiopods, Pectens and Oaudina is 
easily available and supplies the needs 
of students of experimental zoology and 
physiology. 

The steady stream of publications 
which issues from this station abun- 
dantly testifies to the zealous activity of 
Director Hatai and his associates. The 
accompanying photographs give some 
idea of various features of this splendid, 
modern institution. 


THE MISAKI MARINE BIOLOGICAL STATION 


Less than three hours ^ rail journey 
from the busy life of Tokyo, amidst a ro- 
mantic setting of both landscape and 
history, is situated the Misaki Marine 
Biological Station. It lies in about the 
same latitude as Los Angeles, on the 
southern extremity of a peninsula which 
separates the Bay of Tokyo from Sagami 
Sea. Just as the Marine Laboratory at 


Woods Hole in America prides itself on 
its early associations with Agassiz so 
this Japanese station is linked even more 
closely with the late Professor Mitsu- 
kuri, who was to zoological science in 
Japan much what Agassiz was in 
America. The Misaki laboratory, m- 
deed, antedates that at Woods Hole by 
one year. It was originally erected in 



THE MIBAKI jiAECOT BIOLOOICAL DB. YATOU AT THE OAES. 
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SEASIDE OLDB TOR STUDENTS, 

DININO-BOOM and BOClAb HALU 


1887 by the Japanese Department of 
Education, at the suggestion of Professor 
Mitsukuri. The three great guiding 
spirits of this laboratory who have 
been its suecessive directors — Mitsukuri, 
lijima and Yatsu — are too well known 
to American zoologists to require com- 
ment. 

Though fascinating ruins and legends 
claim the attention at every turn on the 
peninsula, and pine-covered hills with 
beautiful vistas of sea and mountain 
invite one to linger and dream, the out- 
standii^ attraction to the zoologist is 
the laboratory and Avhat goo* "^ith |t. 
No maiine station ii^ the world) hot even 
the far-famed ones of the Mediterr^ean, 
can outvie that of Misaki in variety and 
ririuiiess of fauna and flora. Tide-pools, 
rocky shores, sandy, stony or rocky 
beaches, mnd flats, projecting ledges, 
<diS eaves, all combine to form a '^happy 
hunting .|rdund’* for the zodlogioal en- 
Also, in the winter months 


when strong west winds blow, an amaz- 
ingly rich plankton is driven into the 
inlets from its usual home in the “Black 
Current.” One then may find Salpae, 
Porpitae, various interesting Hetero{>ods 
and Pteropods, compound Badiolarians, 
Auriculariae, and what not. Within half 
a mile of shore one may reach a depth of 
ten fathoms, and three or four miles out 
a depth of one hundred fathoms, beyond 
which deep-sea forms of wonderful va- 
riety and beauty dwell. Exquisite glass 
sponges, stalked crinoids, large sea- 
spiders, red brittle-stars, giant crabs 
yi^hich meaisure ten feet £ri)ih daw to 
claw, orange-colored hydroids standing 
a foot high, Unique ootopi and gefoti- 
nous sek-cucuiidiers may be found. 
There, also, live luminous black sharks 
and archajc sharks with more than five 
giU-defts. 

With the ap^intment of Professor 
Yahni, of Tdcjfo Imperiftl UnivUrsHy, to 
the directorate, in addition to facilities 
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JAPANESE FISHING BOAT 

SAILING FROM STATION. 


for faunistic studies, the equipment has 
been expanded to provide for physiologi- 
cal and chemical work. Ilegular isourses 
are given in marine zoology forlbiology 
teachers, in fisheries and in planktology 
and oceanography. It is to the investi- 
gator, however, that the laboratory 
holds out the greatest attraction. 

The station proper consists of four 
buildings : ( 1 ) a library and herbarium 
of land and marine plants togethei; with 
res(^arch rooms for investigators; (2) a 
general student laboratory; (3) an 
aquarium and motor room, and W 
two-storied museum in which are two 
bedrooms for overseas investigators. In 
addition are the various homes of the 
staff. 

One has only to climb Asalea Hill, a 
pine-clad elevation ornamented with 
wild azaleas, to get an ‘‘aeroplane’* ytew 
of the whole surrounding region of ro- 
mance and beauty. Directly across the 
bay, towering high above the sea, stands 
sacred Mount Fuji. 

The foUowittg lutetesting aoeount of 
the effect of the great earthqui^e of ld23 


on the fauna and flora of the region is 
given in the words (written in 1926) of 
the present director of the station, Pro- 
fessor Naohide Yatsu: 

With the first nnd greatest shock the wator 
rushed out of the inlets with tremendous rapid- 
ity. The sea then rose higher and higher^ — ^very 
much higher than at high tide — and the water 
receded for good. The land was thus raised 
ueayly four feet above Its former level. The 
elevated part can now be seen as a whitish 
zone with dead barnacles and oyster -shells. In 
passing, it may be mentioned that most of these 
dead barnacles (Tetraclite poroga) are now oc- 
cupied by spiders. The drying up of the sand 
beachee and mud fiats killed all the dwellers 
there, sueh as cake^urehins, bivalves and an- 
nelids. Moet of the green algae, Eeniero, a 
very common sponge encrusting the rock} dis- 
api^red, but in the past two years new eolonies 
have esUbUshed themselves, springing from 
those that survived. The r^ ^ actlnians (Ae- 
tinia eguino) are gone forever, but the Qnphidkt 
are coming back. 

That immense quantities pt shore-epenges 
were killed by the earthquake can be Ml from 
the sudden inerbaeo of montmaton apie^ 
the beach kan^fv 

On the mornihg of the ear|hqnalMi» 
uht 'eh, the;' flkhM^v.gtound- 
d6ep*sea';:fiiih 'Of fani^ ; 
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floAtiog on the flurfoee of the sea. At this 
pheuottienhn they were frightened, thinking some* 
thing unusnal would happen, and so they at 
once hastened back to land. There they soon 
witnessed what the earthquake had done. Un* 
doubtedly the fish were killed by the sudden 
rushing of water into a newly formed depres- 
sion at the bottom of Sagami Sea. 

One more thing worth mentioning is that 
cicadas had been very abundant every year be- 
fore the earthquake, but in the two summers 
after the disaster the cicadas considerably de- 
creased in number. This was, 1 think, due to 
the fact that the larvae were crushed in the 
earth during the earthquake. 

Quite recently two places of unusual scien- 
tific interest have been discovered near the 
laboratory by A. Imamura, professor of 
seismology at Tokyo Imperial University, one 
on an almost vertical cliff just below Aral 
Heights and tho other on a hillside close to the 
rice-fields at the head of Moroiso Creek. At the 
latter place he found four rows of holes in the 
rock, one above another with intervals varying 
from 1.5 to nearly 3 meters. Tho holes were 


once inhabited by date-sbeUs (Lithopkaffa 
nasuta), a species closely allied to Z, daotpla, 
the holes of which made the pillars of the so- 
called Temple of Serapis at Poszuoli very 
famous. Professor Imamura can tell us from 
these holes the approximate year in which took 
place four sudden upheavals of land due to 
earthquakes comparable in magnitude to the one 
which occurred in 1923. The lowest row indi- 
cates the high -tide mark prior to the earth- 
quake of 1703. 

The accompanying photographs, sup- 
plied through the kindness of Dr. Os- 
hima, speak for themselves regarding 
the comforts, beauty and attractions of 
the place. Nowhere in the world will 
the American zoologist meet greater 
courtesy and hospitality than at the 
hands of the friendly director, Professor 
Yatsu, who is already widely known and 
beloved of American zoologists. 
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THE GERMAN CARP, AN INVITED IMMIGRANT 

By Professor W. M. SMALLWOOD and MARY L. SMALLWOOD 

department of ZOOLOOY, 8YRACU8K TTNIVKKfJIW 


The immigrant has come to have an 
important t)lace in our twentieth cen- 
tury thinking. Congressmen are be- 
sieged with propaganda in behalf of 
each of the various nationals, but less of 
popular thought is given to the many 
animal immigrants, although they fre- 
quently cause the greater economic 
problem. 

Most of our attention as scientists has 
been given to the economic aspects of 
these entrants as they affect our agricul- 
tural products, wliile in contrast to this 
careful study the life of the immigrant 
animals in our fresh waters has been 
scarcely touched. One of the reasons 
why this interesting problem in adapta- 
tion in a nearly uniform environment 
has been neglected is due to the difficul- 
ties in the problem itself. This article 
aims to assemble some observatipns on 
the immigrant carp in the hiipe of 
throwing light upon the adaptations of 
this very old fish as it has adjusted itself 
to our American waters. The observa- 
tions arc of too preliminary a character 
to justify any far-reaching conclusions, 
but it is our thought that this summary 
may serve as a starting-point and that 
in a few years adequate interpretation 
can be made. 

De Kay places the first introduction of 
carp into New York waters at 1831. 
These were reared in ponds and later 
placed in the Hudson River. 

Another of the early references to the 
successful introduction of the cftrp into 
America is found in the Trunsaciions of 
the American Instituie ior 186Q, and 
reads as follows:^ 


the carp from England Bcveral ago — tJiiis 
conferring a great beneilt upon this country by 
adding a fleh before that unknown in our 
waters. 

Captain Bobimon , — I brought tho carp from 
France about seven years ago, put them in tho 
Hudson River, and obtained protection for them 
from our legislature, which passed a law impos- 
ing a fine of $50 for destroying them. 

There is evident pride in this report, 
and the fact that a fine for destroying 
carp had been authorized by the legis- 
lature indicated groat expectations as to 
the quality of this foreign fish. Various 
other attempts were made to introduce 
the carp to American waters, and as 
soon as the U. S. Fish Commission was 
established, the commissioner of fisheries 
gave attention to the importation of carp 
from Europe. By 1877, shipments were 
made from Washington and tho applica- 
tions came in so rapidly that, in 1882, 
seven thousand requests for carp were 
received. Tlic distribution of carp con- 
tinued until 1896. From that time on 
this fish had become sufficiently adapted 
to our American waters to need no 
further fathering care from the Bureau 
of Fisheries ; in fact, it took so kindly to 
the American environment that it devel- 
oped and spread until it is to-day re- 
garded as a menace in a large number of 
our fresh-water ponds and streams. By 
some strange ooincidence the Englisli 
sparrow was introduced in same 
year, 1850, with the hope that it might 
feed upon some of our noxious insects. 
The story of the distribution of the 
English sparrow, which has only re- 
cently cea^ to be a serious pest, is well 
known. Will the immigrant carp pass 


Iff. We are pleased to se^ antoag us 

Oaptaia Robinson, of Hewburgh, who brought 

»Loon J.*Oole, 1905, ^'German Cai^ in the 


through a similar senes of adjustments? 

During the summer of 1927, the New 
York State Cjouaiemtion Commis$ion 


iliOon J. Cole, 1905, ‘'Qermaa Oatg in the v^uuiiooiwu 

United States.” B^rt of the U, S. Bufctau undei^ook an eittemive Study Of th^ 
of Fisheries, pp. $2^641. mustrat^d jiSWkkUtW 


liroble^ wbieli 
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and will no doubt be carried on for some 
time. The writers of this article were 
members of the scientific staff for the 
Oneida Lake Survey of the Carp Con- 
trol Studies in 1927, and have drawn 
largely upon the data collected then and 
in 1928, as well as upon their own 
studies,® for facts stated here. 

During the latter part of June, de- 
pending upon the temperature of the 
water, tho carp seek the bay^ of Oneida 
Lake and deposit their eggs on the shore 
plants. The filamentous algae, Chara, 
and the small Poiamogetons are covered 
with masses of eggs. During the sum- 
mer of 1928, eggs were very abundant 
from June 26 to July 5, although the 

2 W. M. Smallwood and Parke H. Stnithors^ 
ConBervation Commission, 1928, ^^Carp Control 
Studies in Oneida Lake.^' 


spawning period ranged from May 14 to 
July 7. We were able to hatch eggs in 
the pike-perch hatchery jars of the Con- 
stantia Hatchery, although eggs placed 
in the bass net cages in the shallow 
waters at the edge of the lake died 
within three days. 

The carp eggs in the jars hatched in 
from five to seven days, although the 
usual time given is from twelve to fifteen 
days. The embryo begins to move 
within the egg envelope in two days. 
This rate of development is very rapid 
and the eggs of the same batch hatch 
into active swimming forms at variable 
periods of about twenty-four hours. 
The mortality of the eggs on the shore 
was very great as these were noted from 
day to day. The eggs which were not 
developing turned whitish. 



' ^Mitral 

h AI» W OAlW BOB 
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— Illustration frous How York State Conservation OomttUssion 
Fio. 2. Habitat bketoh or youno cabp m thb advanced fry stage. 


As soon as the young carp escape from tats consist of low land covered with a 
the egg envelopes and become free swim- growth of meadow grass or bulrushes 
mers, they are not found li\'ing in with here and there small bayous ex- 
schools as is the case with the adt^ carp tending shoreward. Each of these set- 
and many of the young game" fishes, baelm is carpeted with tender grass, with 
The young carp can be easily distin- *' ^lodea^ Chara or Myriophyllum, in 
guished from the young of other fish which the young carp live. As the carp 
since they are a replica of the adult in increase in size, they move leeward 
form and in arrangement of fins. The into deeper water. By September first, 
back is much lighter in color than that the young carp are living in one or two 
of the adult, being % light mouse gray, feet of water close by scattered beds of 
At the base of the tail there is a yerti- Potamogeton pectinotus or homwort. 
cnlly placed black bar,' while the abdo- Invariably littie carp will hide rather 
men has a distinct yellowish tinge, than se^ Mfety in flight if molested. It 
When young carp are caught in a dip is this ohhraeteristic which makes them 
net this yellowidi color and the deep So diflfctflt W oat<^^ 

body distinguish them from the very with a hs,^-ne|^ it is posmble to work 
similar young suckers. oyer a wKbie bed of or Elodea 

The young carp take up a habitat that without driviug the fish away. lifot 
is quite characteristic, in water that is until they reaeh a length of slxnit 100 
free from sediment, laying vegetable mm do they seem to appreciate thq pos* 
matter or contamination fnan ereeks. ribiUty of fleeing from tm intrudmry ; 

The temperature of the ' watmv.'.in '.theaO'. ■3midI;;;lear^^':;ure., 

protected regions runs about ten degrees tmnperabare aleb to ifitphri- 

warmer than' that ^of deep .lak<^ ,water,' ^ tim_'^in;-the;',gfil^r. 

-The., shores bordering ;tlie8e eaii^^'-habi* .'•ti(wiii-yoiohg''e|rg'?Were''j^ime^ 
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with young sunfish, bullheads and com- 
mon perch. A sudden change of 
temperature invariably affected the carp 
first. Any pronounced change in the 
hydrogen ion concentration, due to the 
presence of decaying matter, was fatal to 
the carp, although not to the other 
young fishes living with them. In these 
lake habitats young carp were never 
found in the vicinity of green algae such 
as Spirogyra or Cladophora, decaying 
vegetable matter or quagmires. 

The rapid rate of growth of young 
carp is remarkable. This is shown in the 
following table, which gives the dates 
the fish were caught and the ranges in 
size in Oneida Lake. 


July 12 10 mm long 

July 21 12 mm- 26 mm 

July 27 14 mm- 30 mm 

July 20 12 mm- 40 mm 

Aug. 12 38 mm- 42 mm 

Aug. 20 41 mm- 78 mm 

Sept. 5 80 mm-112 mm 

Sept. 7 72 mm-106 mm 


The feeding habits of young carp are 
very interesting as they Were observed 
on Oneida Lake during the carp control 
studies in 1927. The fish places the 
mouth against the base of a stalk of 
Chara and draws into the moUth the 
miniite animals, such as eyclops and 
daphnia, which are feeding on the stalk. 
The fish moves slowly up the stem on 
one side, then turns and cleans off the 
other side as it moves down to the base 
again. After this, the fish moves to 
another plant to repeat the operation. 
At timifis they work out onto the leAves, 
but neVer come to the surface of the 
water. SjohietintM two fliltee 
ing on one plant, each appartutly jinv 
eoniioious of th» other's /At 

intervals, a fiih 
e^t for i^eiflowly Waving 
dhrts off to a neV clump 0 ^ 

' '' ':;!lll|foiil9'^H^^lod'\..oM^ ' 

,v|eo^; ,^iis of, ■ tho.':p^ie' 


The bottom of the aquarium Was covered 
with fine sand and clay rich in organic 
material. Within a few days the sur- 
face showed numerous small pits. These 
were made by the young carp which 
often take a position forming an angle 
of about 90" with the bottom, and with 
the tip of the snout in the sand. Next, 
a cloud of sand is seen passing out of the 
opercular opening. Sometimes this is all 
that happens and the fish proceeds to 
swim about in the aquarium; but at 
other times the fish takes a position hori- 
zontal to the bottom and works the jaws 
repeatedly as if chewing, the jaws open- 
ing and closing from twelve to eighteen 
times. They also suck up a mouthful of 
the debris from the bottom, eject this 
from the mouth, then dart forward and 
gobble up bits of desirable food. The 
young fish living in aquaria frequently 
resort to top feeding, working here and 
there with their mouths just below the 
surface of the water, sucking up bits of 
fioatiug matter. This is probably an 
unusual type of feeding for young carp 
in their natural haunts, for the fish lives 
near the bottom. Obsen-ations made on 
the stomachs of little carp taken at dif- 
ferent hours indicate that they have 
rapacious appetites which compel them 
to forage for food at all hours of the 
day. 

Young carp arc very active, strong 
swimmers, and their inquisitive natures 
keep them continually exploring the 
domain in which they live, but they are 
BO much more timid than our ^mmon 
game ^sh that it is difficult to 'bbmrve 
them accurately. Their tendency to live 
in dense growths of water plants and to 
bu^ themselvoi in the mud indiofttes 
that the youiig !bh may be, to a(nne ex- 
tent, n^tiv^ photetopie, in Whiifth 
, resp^ th^T l^hevior difiteie 

the <4'^, show no avenion to 
light ^ei inel^ eeent, to be poorly 
; Aevetopfi;.'W'iIit^'''yonng. :;eai{ii im they ' 
nihow W on 
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■ Photooraph furnished by Neto York State Conservation Commission 
P'KL 3. Young stages oif carp. The two smallest prom Oneida Lake, July 21, 1027; 

YOUNG LKATIIER CARP PHOM CASRADAGA CREBK, JuLY 14, 1925; LARGEST SPECIMEN PTIOM 

Oneida Lake, Sept. 15, 1927, 


the other hand, of a tendency to be 
gregarious. A characteristic occasional 
darting about aimlessly through the 
water might be attributed to play. 

Yearling carp range in length from 
six to ten inches. Bean^ reports a 
growth of twenty-three inches in eleven 
months, a rate of growth whifeh our 
study does not support. The two-year- 
olds grow rapidly in weight and in 
length but with no steady rate. There 
is a wide range in the weight and length 
of carp taken in a lake habitat where 
there is an abundance of food. Our 
studies indicate a wide range in grpwth. 
Sixty-two individuals that were judged 
to be five years old by the lines of 
growtli oil the scales ranged in weight 
from four to eleven pounds and varied 
in length from sixteen to twenty-six 
inches.* This variation in length and 
weight in the five-year age which was 
common in the specimens studied indi- 
cates that there is little significance in 
the older tables such as those published 

3 T. H. Bean, *'Ncw York State Fiehee.'^ 
1903. 

* For detaila see table in ‘^Carp Control 
Studios.** 1928. 


by Goode. This conclusion is further 
emphasized when we compare the range 
of weight for fishes in Oneida Lake hav- 
ing the same length, as indicated in the 
table. 

The heaviest fish taken during the 
carp control studies weighed thirty-four 
pounds; while fifty-pound fish are re- 
ported from the Oswego River, it has not 
been possible to locate the man who 
weighed them. Bean reports European 
carp weighing sixty-seven and even 
ninety pounds, but gives the date, 1853. 
There are various extraordinary sizes 
that have been reported, mostly for 
European carp, but for which no exact 
data are available. The age of carp is 
perplexing; Bean reports one that at- 
tained an ago of thirty-five years, but 
docs not indicate the source of his infor- 
mation. Baird and Suffield report ages 
of 375 and 300 years.® The oldest carp 
taken by the carp control workers in 
1927 was only thirteen years, when com- 
puted by the scale lines of growth. Does 

^S. F. Baird, ''Death of An Aged Carp/' 
Am. Bee. 8ei,^ p. 262. 1872. 

B. B. Suffield, '*X4ongGvit7 of the Carp/' 
10: 147. 1874. 
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Variation in range of weight of fish of 

THE SAME LENGTH TAKEN IN THREE 
HAULS OF THE SEINE IN OnEIDA 

Lake in 1928 


Nurn)jcv 

Length 


of Tndi- 

in 

Weight in Pounds 

vi (111 Rib 

Inches 

1 

7.5 

0.7 

1 

]1.5 

1.25 

1 

12 

1.4 

1 

13 

1.5 

1 

14 

2 

2 

15 

2,0 

3 

10 

4, 5,0 

4 

17 

8, 5, 0, 5 

5 

18 

5, 3, 4, 4, 3 

6 

19 

5, 4, 5, 5, 4, 5 

0 

20 

0, 7, 6, 5, 5, 0 

12 

21 

6, 7, 7, 7, 7, 7, 7, 7, 0, 6, 8,5 

5 

oo 

8, 7, 8, 10, 8, 9 

9 

23 

13, 8, 9.11,9, 9, 8,8 

5 

24 

10,9, 10,8,9 

5 

25 

10, 12, 10, 8, 9 

5 

20 

13, 12, 10, 12, 10 

5 

27 

14, 10,18,12,11 

3 

28 

12, 14, 14 

4 

29 

15,15, 15, 20 

o 

30 

20, 18 

4 

31 

18, 20, 24, 20 

3 

32 

21,20, 23 

o 

33 

20, 20 

1 

.34 

21.5 

1 

35 

24.75 

1 

39 

29 

1 

40 

32 


tliis mean that they have been in Oneida 
Ijake but thirteen years? This can 
hardly be the explanation, for they were 
placed in the Hudson River in 1831 
when the Erie Canal had been com- 
pleted for six years. Carp in the Hud- 
son River would have easy access to the 
Erie Canal which would permit them to 
enter the numerous streams, ponds and 
Jakes from Albany to Buffalo. It seems 
safe to assume that carp have been in 
Oneida Lake for much more than thir- 
teen years. Where are the older carp? 

In the early spring the carp are found 
in swamps and submerged lowlands 
where they may become stranded. As 
the warm weather of April comes on 
they begin to migrate to the shores frpm 
the swamps and from the deep water of 


the lake, becoming abundant in the shal- 
low bays where vegetation is profuse. 
Here spawning takes place in June and 
July. After spawning, very characteris- 
tic schools of these immigrants may be 
found for the rest of the season in the 
shallow bays having abundant growth of 
pond weeds, a muddy or sandy bottom 
and a nearness to deep water. Because 
of their presence in such bays, they can 
be very conveniently baited with bread 
and corn, and consequently more easily 
seined. Until recently, carp have not 
been seined extensively in this country, 
since only certain groups of people have 
appreciated their value as a source of 
food. 

The every-day diet of these immi- 
grants may be summarized as mites, 
entomostracaiis, oligochaetes, amphipods, 
snails, protozoans, silt, debris,^' accord- 
ing to one writer; and, according to 
another, as ‘^principally vegetable mat- 
ter, also insect larvae, crustaceans, raol- 
lusks and other aquatic animals,’’ or 
they arc “omnivorous and chiefly vege- 
tarian in their diet.” In the two years’ 
work of the carp control studies on 
Oneida Lake and its tributaries, the food 
was found to be chiefly animal. 

Carp are found inhabiting lakes, 
ponds, streams and canals. Such habi- 
tats var>'^ in currents, amount of sus- 
pended matter, temperature and vegeta- 
tive growth. In the large lakes the 
environment is practically stable, while 
in the shallow streams or the canal, 
temperature changes are more rapid and 
there is an extensive plant growth and 
even a large degree of pollution. 

The question naturally arises as to 
how the carp has become adapted to such 
widely different habitats and able to 
flourish in all of them. Though it is to 
be noted that adult carp live in commu- 
nities of their own nationality and that 
bass and pike move oft the feeding 
grounds when a school arrives, there is 
more or less competition with the more 



400 


THE SCIENTIFIC MONTHLY 



— PhotoQi'aph fumiahed hp l^ew York State Conservation Commission 
Fia. 4. A BOAT LOAD OF CARP— PART OF A CATCH WEIGHING ONE AND A HALF TONS. 


highly specialized fishes. Like some of 
our human immigrants, the carp have 
come from crowded conditions in other 
countries where they were accustomed to 
live on inferior food. These same habits 
are retained in our spacious waters 
where they survive and reproduce under 
a more varied environmental condition 
than any single species of our native 
fish. 

One phase of this adaptation may be 
in the food habits. Is there any other 
fish with such a cosmopolitan, yet 
plebeian, appetite? It would seem that 
in this respect our hardy immigrant has 
a distinct advantage over other fish 
which may be due in part to the pecu- 
liarity of its intestinal tract. In the 
adult there is a large intestine, but no 
stomach, and a combined liver and pan- 
creas. The sfgnificance of these struc- 
tural peculiarities is not fully under- 
stood as yet and is one of the problems 
that we are investigating. 


During the summer of 1927, ni^arly 
fifty tons of carp were taken from 
Oneida Lake in the carp control studies. 
This would represent about nine thou- 
sand carp, ranging in age from three to 
thirteen years. In this large number 
there were no evidences of disease, and 
practically no abnonnalities. A great 
many specimens exhibited from one to 
one half dozen lamprey seal’s, but in all 
our study of the shores of Oneida Lake, 
which has a shoredine of about sixty- 
five miles, we failed to find any numbers 
of dead carp. The observations ex- 
tended from the middle of June until the 
middle of September, Similar observa- 
tions in the summer of 1928 covered not 
only the lake, but all the Erie Canal 
from Utica, Lock 20, ’^est to Lock 25, 
the Oswego Canal, Onondaga ^and Cross 
Lakes. This territory, covered by Pro- 
fessor Struthers,® represents three huii* 
« Parke H. Stmthers, *'Carp Control Studies 
ia the Erie Canal.” New York State Oonfle^ 
vatioa Comndnion Beport for 1929. ^ prese. 
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dr^ miles of actual shore-line. It was 
surveyed twice during the summer. 
This absence of disease in the lakes and 
streams and Erie Canal is duplicated by 
the observations of Professor R. V. 
Bangham, for Ohio, Professor A. C. 
Pearse, formerly of the University of 
Wisconsin, and Dr. George Hunter III 
for the Illinois region. 

It is also to be noted that we found 
the carp to be remarkably free from 
parasites. The three men just noted 
report a similar freedom from parasites 
in the regions which they have studied. 
Ward, in 1912,^ and Essex and Hunter, 
in 1926,® agree that the carp is rela- 
tively free from parasites. The only 
parasites of any frequency at all are 
forms that belong to Acanthocephala 
(hook-headed worms). These observa- 
tions cover the Mississippi River basin. 
During the summer of 1928, Dr. Hunter 
observed carp in Lake Erie and its 
tributary waters and found only one 
parasitized carp. Professor Struthers 
found in Owasco Lake, during the month 
of October, that about one thousand 
carp had died very suddenly. He was 
not notified until the carp had been 
dead for some time, so that it was im- 
possible to determine the cause. It was 
probably an epidemic. A similar condi- 
tion was recently noted in Cayuga Lake. 
This general absence of parasites seems 
to be another illustration of an animal 
having left in Europe the intermediate 

TH. B. Ward, ''The Distribution and Pre- 
quency of Animal Parasites and Parasitic Dis- 
eases in Koitb American Fresh-Water Fishes," 
Trans. Am. Fiah $oc., 41: 207. 1012. 

sH. B. Bssez and 0. W« Hnnter HE, "A 
Biological Study of Fish Parasites from the 
Central States," Trans. Ill StaU Academy Sci., 
VoL 19. 1026. 


hosts SO necessary to the completion of 
the life-cycles of the parasites. 

The most extensive account of disease 
of carp in American waters is by Dr. 
Thompson,® who believes that he has a 
definite instance of rickets and that the 
disease is evident from the fingerling 
stage throughout life. This malforma- 
tion is closely associated with the pres- 
ence of an increase of the sewage load of 
the Illinois River in the years 1916-18. 
The carp living in the greatly polluted 
water showed a retardation of growth. 
The carp control students have made 
similar observations on the effect of pol- 
luted waters. Young carp taken from 
the outlet of Onondaga Lake are only six 
inches long at the end of the first year. 
This is a marked retardation of growth 
as compared with those taken in non- 
polluted waters, where their length is 
about nine inches and the body much 
heavier. 

It is interesting to compare the con- 
ditions of the carp in our American 
waters with those found in European 
and Chinese waters. Dr. J. T. Nichols, 
who has made an extensive study of the 
Chinese carp, has told the writers in a 
personal conference that the Chinese 
carp were subject to a large number of 
diseases and parasites. A similar condi- 
tion is evident in the European carp.^® 
How long will it be before this primitive 
bony fish repeats in our American waters 
its European and Asiatic history f 

a D. H. Thompson, * * The ' Slnothead ’ Carp of 
the lUinoiB Biver," NaU Eiet, Swrvey lU., 17 i 
285. 1028. 

10 B. Hofer, "Handbuch der FiwhkTank- 
heiten. * * Mttnehen, 1004. 

M. Plehn, "Praktikom der Fiiehkrank- 
heiten," in H. Dennell and H. N. Maier, ''Das 
Handbuch der Binnenftscherei Mitteleuropas. " 
Stuttgart, 1924. Bd. I, pp. 801-470. 



NOTABLE PROGRESS IN SURVEYING 
INSTRUMENTS 

By Dr. WILLIAM BOWIE 

CHIEF, DIVISION OF GEODESY, XT. 8. OOABT AND GEODETIC 8UEVEY 


A SHORT time ago my attention was 
called to a very interesting book, en- 
titled ‘‘Geodeasia: or, the Art of Sur- 
veying and Measuring of Land Made 
Easie” by John Love, printed in Lon- 
don in 1688. The author, in the first 
sentence of his ‘‘Preface to the Reader'* 
asks, “What would be more ridiculous, 
than for me to go about to Praise an Art 
that all Mankind know they can not live 
Peaceably without?" 

He then shows how surveying orig* 
inated in Egypt where it was necessary 
to recover boundary marks of private 
property after overflows of the Nile 
which covered with mud the indi- 
cations of the divisions of private prop- 
erty. Prom Egypt the art of surveying 
was taken into Greece and, no doubt, 
from that country was carried all around 
the Mediterranean region. The last part 
of Love's preface is of particular inter- 
est and significance as it is, in a sense, 
the inspiration of this paper. The 
author of the book says: 

I have taken example from Mr. Holwell to 
make the Table of Sines and TemgentSf but to 
every Fifth Minute, that being nigh enough in 
all sense and reaeon for the SurTejor's Use; 
for there is no Man, with the best instrument 
that was every yet made, can take an Angle in 
the Field nigher, if so nigh, as to Five Minutes. 

It seems incredible that the surveying 
art had not progressed beyond the ability 
of an engineer to measure an angle in 
the field with an accuracy greater than 
five minutes less than 250 years ago. 
To-day we have direction theodolites, 
read by micrometer microscopes to sin- 
gle seconds, which give closing errors of 
triangles in first-order triaiigulation 
averaging about 1^'. The probable error 


of a direction resulting from the adjust- 
ment of an arc of triangulation of first- 
order is seldom greater than (T.S. 

The development of surveying instru- 
ments has really been due to the astrono- 
mers. They desired to make observa- 
tions on the sun, moon, planets and their 
satellites, and on the stars, and, in order 
that the work might be done with satis- 
factory accuracy, they paid much atten- 
tion to the development of the telescope. 

In an article on the telescope by H. 
Dennis Taylor in the Encyclopaedia 
Britannica is the following statement : 

But it is quite certain that previous to 1600 
the telescope was unhnown, except possibly to 
individuals who failed to see its practical im- 
portance, and who confined its use to ‘^curious 
practices’’ or to demonstrations or natural 
magic.” The practical difusovery of the instru- 
ment was certainly made in Holl^d about 1608, 
but the credit of the original invention has been 
claimed on behalf of three individuals, Hans 
Lippershey and Zacharias Jansen, spectacle- 
makers in Middelburg, and James Metius of 
Alkmaar (brother of Adrian Metius the mathe- 
matician) . 

It is undoubtedly true that the use of 
the telescope by Galileo brought it into 
gbneral use in astronomy. While he was 
not the inventor of the telescope, he must 
be given much credit for making its 
use popular. 

Prior to the use of the telescope, 
surveying instruments had pointers or 
sights on them somewhat like the sights 
used on firearms. These, necessarily, 
were coarse and made it impossible to 
secure angle measurements of a high 
gree of accuracy. The telescope oOuUI 
not be used in making accurate obseVv<^ 
tions, in either astronomy or ' 

until cross wirps or liims et^ed o& 
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were used in the eonunou fooue of tiie 
eyepiece and the objective. Various at- 
tempts “ven made to improve the tele- 
scope in order to measure diameters of 
■gpll objects seen in the telescope. In 
ah article in the Encyclopaedia Britan- 
niea, under the subject micrometer, Sir 
David Oill states that 

It became, in fact, esflential to invent a mi- 
crometer ’ ’ for measuring the small angles 
which were thus for the first time rendered sen- 
sible. There is now no doubt that William 
Gkmcoigne, a young gentleman of Yorkshire, was 
the first inventor of the micrometer. William 
Crabtree, a friend of his, taking a journey to 
Yorkshire in 1639 to see Gascoigne, writes thus 
to his friend Jeremiah Horrocks. ^*The first 
thing Mr. Gascoigne showed me was a large 
telescope amplified and adorned with inventions 
of his own, whereby he can take the diameters 
of the sun and moon, or any small angle in the 
heavens or upon the earth, most exactly through 
the glass, to a second. ’ ’ 

This letter, apparently, was the first 
written account of the micrometer, but 
there must have been rather rapid de- 
velopment shortly after this. In the 
same article is the statement: 

Th« Marquis Maivaiia In his ‘ ' Ephemerldes ’ ’ 
(Bologna, 1662) dsserlbed a nicrometoT of bis 
own invaitlon. At the focus of his telescope be 
placed flue silver wires at right angles to each 
other which, by their intersection, formed a net- 
work of small squares. 

The date 1662 is only twenty-six years 
before the publication of Love’s book 

Oeodaesia, ’ ’ Apparently the telescope 
with cross wires had not been applied 
to the surveying instruments in Eng- 
land when Love’s book was published. 
It would seem, though, that the telescope 
was employed in surveying work not 
many ymus later by J. and D. Cas^ 
between 1688 and 1716 in measuring, 
by triangnlation, a meridional arc of 
8* 35' extending ncniih and bou0i 
tlmmtidi Paris. It is evident that a 
^^tooepe.with oroaa wlxea was used by 
Oasidnifl, for, otherwise, it wonld 
toys l>een^ for them to 

1 ^^ the degree of 

';'!Mdeb' was obtaamd^ on. the 

'' ' ' 


Early in. the seventemith century 
Willebrord Snell (occasionally called 
Snellius) made a great advance over the 
methods used by his predecessors by in- 
troducing trigonometrical methods in 
the measurement of distances across 
country. He was really the originator of 
triangulation, which is now the univer- 
sally employed method in surveying and 
mapping large areas. He published a 
book in Leyden describing his work in 
1617. 

In observing the angles of the tri- 
angles of his arc he used a quadrant of 
a circle of about two feet in radius. 
This was graduated to two minutes 
and readings were estimated to single 
minutes. 

In 1669 Picard began his arc measure- 
ment, which was one of the most famous 
in the history of measurements, to de- 
termine the length of a degree of lati- 
tude. His work was done more accu- 
rately than previous measurements, both 
because he used a longer base line and 
because, judging from the best evidenofl 
available, he seems to have been the first 
geodesist who used spider-wires in the 
telescope attached to his quadrant. His 
quadrant had a radius of thirty-eight 
inches and was graduated to single min- 
utes. The quadrant had two telescopes, 
one fixed and the other movable. 

In measuring the angles with the 
quadrant, it appears that the plane of 
the quadrant was placed in the plane of 
the observer and of the two objects to 
be observed on. This resulted in the 
determination of the inclined Ingle. 
Butterfield in his book entitled ^'The 
Figure of the Barth from Are Mea- 
surements” makes the statement: “Pi- 
card’s measurement as a whole was a 
step far in advance and may be said 
to be the starting-point for aeeurate 
determinations.” 

During the latter part of the sfyen. 
teenth eepth^ ito Oassini ibrottoni >to- 
gan the extenaioB northward of Flepcd^s 
triangtdaton. work itgi tnter- 
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rupted but taken up again early in the 
eighteenth century. The triangulation 
was extended southward to Spain. 
Base lines were measured for the control 
of the lengths of the triangle sides. On 
their work they used a quadrant of 
thirty-nine inches radius. This was 
graduated to minutes and observations 
were made with two telescopes, one fixed 
and the other movable. 

In determining the latitudes of the 
stations whose distances apart were 
measured by the triangulation, an in- 
strument was used which had an arc of 
a circle ten feet in radius. This arc was 
twenty-six degrees in extent and was 
graduated to degrees and minutes. 

The next important development in tri- 
angulation came with the measurement 
of the arcs of meridians in Lapland and 
Peru. The work on these .arcs began 
about 1735. It would seem that at this 
time an improvement was made in the 
triangulation method by measuring the 
differences in elevation of the various 
triangulation stations which made it 
possible to compute corrections to the 
observed angles to reduce them to the 
horizontal plane. 

These attempts to determine the 
lengths of degrees of latitude by tri- 
angulation methods had really no bear- 
ing on surveying and mapping at the 
time that they were made. The work 
was for scientific purposes only, but the 
knowledge gained in the attempts to 
measure long distances across the earth's 
surface was later used in surveying and 
mapping. The modern map and chart 
maker is, therefore, deeply indebted to 
these great pioneers in earth sciences 
who attempted to determine the length 
of a degree of latitude at different places 
and from that to derive the dimensions 
of the earth. 

From what has been said above it can 
readily be realized that the instruments 
used in surveying property boundary 
lines' at the time that Love wrote his 


book in 1686 were very crude affairs. 
Probably the compass with pointers 
similar to the Jacob’s staff of a genera- 
tion ago was the most accurate of the 
instruments employed. 

The biggest step forward which was 
made in surveying methods was the de- 
signing and construction of a theodolite 
by Ramsden about 1787 while he was 
engaged on the English end of an arc 
of triangulation which was to connect 
the observatories of Paris, Prance, and 
Greenwich, England. For the first time 
it was possible to measure horizontal 
angles, therefore spherical angles in- 
volved in a triangle were obtained and 
the spherical excess could be applied be- 
fore making the trigonometrical compu- 
tations. Ramsden ’s theodolite was first 
called a direction instrument. A few 
years later the French observers de- 
signed a repeating theodolite. It is 
rather noteworthy that the French have 
since been partial to the use of repeating 
instruments in their triangulation while 
the English have clung to the direction 
instrument. 

The horizontal circle of the Ramsden 
instrument was three feef in diameter; 
it was graduated to ten minutes and the 
position of the telescope at any pointing 
was read by micrometer microscopes to 
single seconds. Very little improvement 
in the design of theodolites has been 
made since this wonderful instrument 
was designed by Ramsden and made un- 
der his direction. The fundamental 
principles involved in that instrument 
are practically the same as those in the 
instruments of to-day. Of course there 
have been improvements, the most note- 
worthy being the perfection of gpradua- 
tion of theodolite circles. It is said that 
the first dividing engine was made in 
1740. Probably it was a crude affair os 
compared with the wonderful machines 
used to-day. While formerly it was 
considered necessary to ^ve a very 
large horisontal circle on theodolites in 
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order to provide a fair degree of accu- 
racy in the graduations, to-day on the 
highest order of triangulation, circles 
eight to ten inches in diameter are con- 
sidered large enough. In fact, the grad- 
uations on circles of the Wild and the 
Zeiss theodolites are made on glass cir- 
cles only five inches in diameter. Re- 
markable results are obtained with these 
instruments. 

In the United States, triangulation 
was begun by Hassler, who was ap- 
pointed in 1816 the first superintendent 
of the Coast Survey (the designation was 
changed to Coast and Geodetic Survey 
in 1878). In 1811 Hassler had been 
commissioned by President Jefferson to 
travel abroad in Europe to contract for 
the purchase and supervise the construc- 
tion of surveying apparatus. While 
there he visited geographic and surveying 
organizations in order to become familiar 
with the best practices and instruments 
employed in surveying, mapping and 
charting. Hassler was a great man and 
far ahead of his time, for he initiated 
methods for charting the coast which 
were considered extravagant and un- 
called for by most engineers of his time. 
He asserted that the coast charting 
should be based on triangulation and he 
even foresaw the time when the prop- 
erty values in this country would be so 
great as to justify the cost of extending 
triangulation over its vast interior. 

Hassler brought back from Europe the 
most modem surveying and astronomical 
instruments and he employed them on 
the surveys of the coast which he initi- 
ated. It is rather remarkable that the 
triangulation done by Hassler begin- 
ning in 1816 is now, 110 years later, 
considered standard in accuracy. None 
of Hassler ’s triangulation has been 
discarded because of crudeness or 
inaccuracy. 

With the development of theodolites 
for use in triangulation in connection 
with arc measures for the determination 


of the shape and size of the earth and 
for connecting astronomic observatories, 
instruments based on the principle of 
the theodolite were made also for sur- 
veying purposes. To-day the compass 
is used only in the crudest surveying. 
The transit, which is a simplified the- 
odolite, is used in all surveying for 
property lines and for engineering 
operations. 

From the very crude measurements in 
the triangulation by Snell in 1615, we 
have now come to triangulation of al- 
most incredible accuracy. The angles 
of the first-order triangulation of the 
United States are measured with an ac- 
curacy which gives an average closing 
error of a triangle of only about 1". 
The maximum allowable error in the 
closure of a first-order triangle is about 
3". The closing eror of a triangle is the 
difference between the sum of the three 
measured angles and 180*^ plus the 
spherical excess of the triangle. The 
smallness of these errors may be visual- 
ized if we consider that the two sides of 
an angle of one second diverge only one 
foot at a distance of forty miles from 
the apex of the angle. 

The Coast and Geodetic Survey has 
executed thousands of miles of arcs of 
triangulation in the United States for 
the control of property boundaries, en- 
gineering operations and topographic 
maps. In the recent readjustment of 
the arcs in the western half of the coun- 
try into a single network the average 
closing error of a loop of triangulation 
was about 1 part in 450,000 of the dis- 
tance around the loop. There were only 
two loop closures out of sixteen which 
were greater than 1 part in 200,000, and 
the maximum closure was only 1 part 
in 162,000. 

There has been great development in 
the accuracy of base measurements. In 
the early days the crudest methods were 
used, such as counting the turns of a 
wheel while going from one end of the 
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base to another. Then came wooden 
rods, and metal rods of various kinds. 
Later the surveyor's chain was devised 
and then came the steel tape, and finally 
the tape made of the alloy of nickel and 
iron called invar. The name invar is an 
abbreviation of the word invariable, used 
in connection with this alloy because the 
coefiicient of expansion of the alloy is 
very small. In fact, the change in length 
of the invar used in the base tapes for a 
given change in temperature is less than 
one tenth of the corresponding change 
for a steel tape. 

The most accurate triangulation that 
has ever been done, as far as the writer 
is aware, was that in the vicinity of 
Pasadena, California, executed for the 
purpose of determining the distance 
between Mount Wilson and San Antonio 
Peak, to be used by Professor A. A. 
Michelson for his determination of the 
velocity of light. A base line was mea- 
sured in the valley to the south of the 
line joining those peaks. The line was 
more than twenty miles long and the 
uncertainty in the measured distance 
between its ends was only 0.14 inch or 
1 part in 11,600,000 of the length of the 
base. This is the probable error of the 
field measurements of the length. The 
actual error may have been considerably 
larger than the accidental error, but, 
even so, the accuracy of the measurement 
was very great. 

Triangulation was executed to con- 
nect the line between Mount Wilson and 
San Antonio Peak with this base. The 
greatest precautions were taken during 


the measurement of the angles, and the 
deflection of the vertical due to attrac- 
tion of local mountain masses was de- 
termined for each station in order that 
the horizontal angles measured with the 
theodolites could be corrected for the 
tilting of the vertical axis of the instru- 
ment. The probable error of the 'de- 
rived distance between the two peaks 
was 1 part in 6,800,000. It is reasonably 
certain that the distance furnished Pro- 
fessor Michelson was correct within- one 
part in a million. 

This brief sketch indicates that tre- 
mendous strides have been made in 
surveying methods during the past 250 
years and that the surveyors and the 
map and chart makers are deeply in- 
debted to the astronomers, who showed 
them how to determine latitudes and 
longitudes on the earth ^s surface, and to 
those investigators who wished to know 
the size of the earth. We have here an- 
other striking example of the practical 
application of the methods used in pure 
scientific research and the employment 
of the results for the welfare for hu- 
manity. 

In preparing this article, the writer 
has used freely the information con- 
tained in various articles in the Encyclo- 
paedia Britannica, in a text-book on 
“Geodesy and Least Squares by 
Charles L. Crandall, and in “The Fig- , 
ure of the Earth from Arc Measure- 
ments “ by Arthur D. Butterfield. The 
reader is advised to consult these books 
if he is interested in following the sub- 
ject of surveying methods in more detail 
than is here given. 
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It is a somewhat singular fact that 
the well-known Egyptian work of Ahmes, 
written about 1700 B. C., opens with a 
small desert since the operation of ex- 
pressing rational fractions in terms of 
the sum of fractions having unity as a 
common numerator and distinct de- 
nominators has not proved to be of much 
importance, notwithstanding the fact 
that we find evidences of its use extend- 
ing over a period of more than three 
thousand years. An oasis in this desert 
is due to the fact that this operation 
simplifies the notation of rational frac- 
tions since the only rational numbers 
which required consideration in this 
system are the positive integers and 
their reciprocals. While this work of 
Ahmes opens with a small desert it 
should not be inferred that its contents 
are entirely of this character. On the 
contrary, it exhibits the elements of the 
very fertile interplay of analysis and 
geometry as well as the elements of the 
fertile use of an operand symbol for the 
unknown. 

The Great Sahara of mathematics is 
formed by the almost endless variety of 
the notations employed therein. A fer- 
tile oasis in this desert is due to the great 
value of a good notation and the dis- 
crimination involved in its selection. 
Even the numerical notations which 
have been used present a vast amount 
of material which is almost barren as 
regards fruitful ideas. In particular, 
the various notations leading up to our 
eommon numerals present little that is 
thought-inspiring since many of the 
changes involved therein seem to be due 
to chiince and not to a well-planned 
general scheme. These notations, are, 
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however, of much greater interest than 
those employed by many other peoples, 
such as the Babylonians and Chinese. 

A mathematical desert of considerable 
size has been formed by the philosophical 
speculations relating to the properties 
of numbers. This type of speculation 
has been especially associated with the 
name of Pythagoras. According to 
Aristotle the Pythagoreans had a num- 
ber creed as follows : 

( 1) Limited and unlimited. 

(2) Crooked and straight. 

(3) One and many. 

( 4) Right and left. 

(5) Masculine and feminine. 

(6) Resting and moving. 

( 7) Straight and curved. 

(8) Light and dark. 

(9) Good and evil. 

(10) Square and rectangle. 

A member of the Pythagorean School, 
Philolaus, states that ‘^all things which 
can be known have number; for it is 
not possible that without number any- 
thing can either be conceived or known. 

It seems likely that the Pythagorean 
number speculations were partly due to 
the fact that the units of area and solids 
were commonly so selected that their 
edges are linear units and hence numer- 
ical relations were seen to exist between 
magnitudes of widely different charac- 
ters. Hence the essence of number 
seemed to lie much deeper than the out- 
ward forms of things. It has also been 
suggested that the deep interest in num- 
bers on the part of the Pythagoreans 
was inspired by noting that the constel- 
lations of the sky may be characterized 
by the number of visible stars contained 
tWein. At any rate, many of the philo- 
sophical speculations about numbers 
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have been fruitless as far as direct re- 
sults are concerned. An oasis in this 
work is furnished by the interest in the 
so-called Pythagorean triads. Special 
cases of these were known to the Baby- 
lonians at least as early as 4000 B. C., 
and their study naturally led to the 
greater Fermat theorem, which has been 
the source of much fundamental modem 
work in number theory as well as of 
many fruitless endeavors. 

The ancient Greek mathematicians 
entered various other mathematical des- 
erts withput realizing that they were 
deserts. The most noted of these are 
formed by the three great problems of 
antiquity, viz., the duplication of the 
cube, the trisection of a general angle, 
and the squaring of a circle by means 
of ruler and compass only. It is now 
known that the last of these is impossible 
even by means of the most general alge- 
braic constructions while the other two 
involve the solution of an irreducible 
cubic equation. Fortunately, their ef- 
forts to solve these problems gave rise 
to a very fruitful study, viz., the study 
of the conic sections. While exploring 
these deserts the ancient Greeks inci- 
dentally discovered a wonderfully fertile 
region lying beyond them. They entered 
this region with great enthusiasm and 
their wonderful mathematical contribu- 
tions were crowned by the fruits thereof 
as is illustrated by work of Apollonius 
of Perga. 

Judging from our modem practices 
the Greeks entered a mathematical desert 
even in the noted Elements of Euclid 
where curvilineal as well as rectilineal 
angles are considered and it is proved 
that the horn-like angle, i.e., the angle 
at the point of contact between a circle 
and a tangent to it, is less than any recti- 
lineal angle. They were thus led to 
absolutely infinitely small magnitudes 
since such magnitudes are presented by 
the differences between the angles at the 
point of contact formed by different 


circles which have a common tangent 
line. Fruitless discussions relating to 
these hora-like angles were continued 
during many centuries. An oasis of 
these discussions is that they exhibit the 
usefulness of the postulate that all right 
angles are equal and that they directed 
attention to a fundamental question in 
the calculus. It would be diflBcult to find 
a more instructive illustration of the 
nature and usefulness of postulates than 
the one furnished by the pencil of circles 
noted above which are supposed to make 
equal angles with their common diam- 
etral line. Instead of saying merely that 
axioms are self-evident truths, it should 
also be noted that they may serve to 
blindfold us, as here, with respect to 
truths which appear unnecessary for the 
work in hand. 

The mathematical deserts to which we 
have referred suggest some analogies 
between the study of mathematics and 
the cultivation of the soil. Various un- 
usually fertile regions for mathematical 
study were developed from time to time, 
and for many centuries students have 
derived much pleasure and profit from 
their cultivation. In many cases this 
cultivation was continued along the lines 
originally suggested while in other cases 
there have been radical changes in the 
methods. Weeds in the form of errors 
seem to grow up spontaneously in these 
fields of mathematical study, and most 
of them can be kept under control by 
cultivating for the regular crops, but 
sometimes it seems desirable to devote 
especial attention to the extermination 
of weeds. Naturally such a subject as 
the history of mathematics is especially 
subject to weeds and hence there is more 
need of error extermination here than in 
most of the other subjects. It would be 
as unwise for the mathematicians to 
devote all their time to the eradication 
of error as it would be for the farmers 
to devote all their time to the extermina- 
tion of weeds. On the other hand, seien- 
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tiflc honesty compels us to use the term 
weeds for actual weeda irrespective of 
where they may be growing. 

Just as parts of the deserts of the 
earth have been reclaimed by the con- 
struction of irrigation works since very 
ancient times so parts of the mathemat- 
ical deserts have been transformed into 
fertile fields by the construction of ideal 
elements. As conspicuous’ examples of 
such elements we may mention the ordi- 
nary complex numbers and the point at 
infinity. In fact, all pure mathematics 
may be said to be based upon ideal ele- 
ments since even the abstract integers 
are the work of man. Hence the com- 
mon statement — ‘ ^ God made the integer ; 
all the rest is the work of man” — can 
not be regarded as literally true. From 
this it results that all pure mathematics 
may be regarded as being baaed upon 
ideal elements and hence all of it would 
be a desert if these ideal elements had 
not been constructed. Some of these 
ideal elements, such as natural abstract 
numbers, were constructed in prehistoric 
times and the fertile regions based 
thereon may therefore have the appear- 
ance of being natural. 

The noted German mathematical his- 
torian, M. Cantor, in an address before 
the Paris Congress of Mathematicians, 
held in 1900, paased over the works of 
a large number of authors with the fol- 
lowing significant remark: ”Tous aussi 
morts que leurs livres; gardons-nous de 
les ressusciter.” A real danger of 
science is that it will be overwhelmed by 
its bulkiness and one of the greatest 
needs of our times is discriminating for- 
getfulness in accord with this quotation. 
It is true that even the most discriminat- 
ing forgetfulness will sometimes entail 
some loss, but such losses are more than 
compensated for by the decrease in bulk. 
In particular, there are hundreds of ele- 
mentary text-books which make no con- 
tribution to knowledge and which should 
not be allowed to waste the time of all 
later students of the history of our 


subject. Complete bibliographies are 
usually much less valuable than those 
which include only such works as con- 
tributed to the advancement of the sub- 
ject concerned, but the latter make 
greater demands on the scholarship of 
their authors. 

Let us be careful not to revive the 
dead is a note of warning which is per- 
haps especially needed now in view of 
the growing interest in the history of 
science. The rapidly growing richness 
of this history makes it more and more 
necessary to select only the best for 
presentation in a general text-book de- 
voted thereto but it increases the temp- 
tation to become bulky. One of the most 
striking recent discoveries in mathe- 
matical history is that the ancient Egyp- 
tians used the very fundamental theorem 
in geometry that the area of a sphere is 
equal to that of four of its great circles, 
but they apparently had no proof 
thereof. It seems therefore probable 
that this theorem was assumed to be true 
more than fifteen hundred years before 
it was proved by Archimedes and thus 
endowed with much greater intellectual 
richness. Such discoveries tend to ex- 
plain why the ancient Greeks went to 
Egypt and Babylon for their mathe- 
matical inspiration. 

Mathematical explorations were never 
pushed with more energy than at pres- 
ent, and it is only reasonable to expect 
that in the future some of these will be 
regarded as relating to deserts. As in 
the past it is to be hoped that in some 
cases these will be extended beyond the 
deserts and disclose regions of great fer- 
tility while others will probably be aban- 
doned and be remembered only in the 
history of our subject. Notwithstanding 
these occasional deserts which have not 
been reclaimed by irrigation the develop- 
ments in mathematics stand before us 
to-day as a great and useful intellectual 
achievement which gives promise of 
being greatly extended and of becoming 
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much more useful. The ancient Greeks 
seem to have been the first to convert 
this achievement into real intellectual 
food by means of demonstrations but 
earlier people reco^ized its utility and 
must have been charmed by such elegant 
theorems as the one noted above with 
respect to the area of a sphere. 

As far as we know now the pre- 
Grecian period of mathematical devel- 
opment was one in which little atten- 
tion was given to proofs and in which 
only rational numbers were considered. 
Hence this early mathematics was mainly 
a mathematics of the desert, and its out- 
standing developments seem to have been 
due to the Egyptians and the Sumerians. 
The ideal element of abstract rational 
number was introduced during this 
period, and problems involving the quad- 


ratic equation and the use of the Pytha- 
gorean theorem were solved. The crown- 
ing work of this period seems to have 
been the recently discovered rules for 
finding the volume of the frustum of a 
square pyramid and the area of a sphere. 
The Greeks introduced a very fruitful 
ideal element in the form of the irra- 
tional and they laid especial stress on 
proofs, which made it necessary for them 
to construct systems of postulates. Their 
mathematics thus become most fruitful 
and a model for scientific endeavor ex- 
tending through more than two thousand 
years. The fact that they entered into 
some desert regions is of interest, but it 
should not blind us to the fact that they 
also developed very fruitful regions so 
that mathematics is even now sometimes 
called a Greek science. 



THE CONFLICT OF THE PSYCHOLOGIES 

By PROFESSOR JOSEPH JASTROW 

The acceptance of psychology in the turned. Copernicus and his followers 
confederation of the sciences is accom- inflicted a harsh blow upon man plane- 
plished. But an internal warfare con- tary dignity; and “e pur si muove'^ has 
tinues which in historical circumstance is always had to be uttered with hushed 
unfortunate and in professional responsi- breath. When capable of reflection, man 
bility scandalous. There is no parallel sought liis future in the impressive stars ; 
elsewhere. If physicists, chemists or. nothing was too vast to serve as a me- 
biologists spent as much futile argument dium or a herald of his fate. When the 
in discussing the purposes of their science sun no longer rose and set in his honor, 
and held as antagonistic views of the he developed the astrological consolation, 
fundamental concepts and direction of By the like presumption he made himself 
progress, that progress itself would be the lord of creation, and created gods in 
just so far hampered. The state of af- his own image. He elevated to the place 
fairs is not without justification. When of consideration that part of his nature 
the object of research involves the re- that was quite properly Ixis supreme 
searcher himself, cross lights are in- heritage, his immortal soul ; he fantasied 
evitable. One is reminded of the myth a paradise for it in the past, a heaven in 
that Socrates was so strabismic or so in- the future, and from the outset and con- 
troverted as well as so flat-nosed that, in tinuously fell into the hands of the medi- 
his passion for self-analysis, he trained cine-man who filled his mind with magi- 
onc eye to look into the other, thus carry- cal ceremonies and glorified mysteries for 
ing introspection to its experimental ex- which the earthly realities were but 
treme. The salvation of all science is its vicarious or symbolic pathways, 
extraverted objectivity — its conviction In due course, as truth penetrated de- 
that things are so regardless of our spite the resistance ofl;ered by the primal 
peculiar insights or outlooks. ‘‘Know urge to self-importance, man’s cosmic 
thyself” may have been a precept in the ego received one traumatic shock after 
objective temper ; if so, it was promptly another. He discovered that he was liv- 
counteracted by the subjective presump- ing in one of the minor planets, and that 
tion; “Man is the measure of all even these did not move in what he re- 
things.” Presumably a psychological garded as the perfect orbit of the circle, 
congress in ancient Athens would have symbolizing his own perfection, but 
had no more resemblance to a peace con- gyrated in such degenerate Oesialts as 
ference than a modem one, despite our ellipses. He discovered or suspected that 
increasing knowledge of human relations, the world did not begin with his own cre- 

It may not be amiss to rehearse the ation, but that life, not so dissimilar to 
stages by which modern psychology was his own, preceded it by many eons. The 
made possible. In Freudian version the insult of geology and biology was added 
story would be one of decentralizing or to the injury of astronomy. His superi- 
deflating the human ego. In the begin- ority complex suffered under the suc- 
ning was a superiority complex. Man cessive revelations of his insignificance, 
regarded himself as the center of the uni- Evolution inflicted the most unkindest 
verse; a planet that held so noble a cut of all, the resentment continuing to 
ereature could be no less than the pivot this day in the fundamentalism of the 
about which the sun and the cosmos American wilderness. He had to accept 

411 



412 


THE SCIENTIFIC MONTHLY 


the genealogy of his anthropoid kin. But 
through it all, especially in the high seats 
of academic learning, he clung with 
tenacity to his philosophical dignities. 
And if he was declared an apish biped 
without feathers, he still plumed himself 
upon the exclusive integrity and unique 
distinction of his clamorous soul. In his 
psychological ark, which was to ride high 
and dry above the scientific inundations, 
he assembled the instincts in graded ani- 
mal array, but reserved to himself the 
gift of reason. His moral urge to per- 
fectionism stood by him. Throughout 
the ages of shifting darkness and light, 
he sought the compensations of religion 
and philosophy, and cultivated the de- 
fense mechanisms of morality. He was 
determined to save his psyche at all costs 
from the degradations of nature. The 
supernatural, the mystically natural, the 
philosophically overnatural, held the 
stage in turn, and jointly. The last, by 
its command of the instruments of learn- 
ing, became the most enduring citadel. 
There could be no psychology in our 
modem sense until this slow process of 
disillusionment was completed. 

There are more reasons than this why 
psychology was late in appearance upon 
the scientific scene ; yet part of the delay 
resulted from the persistent conflict be- 
tween the resistance to what was re- 
garded as a mechanistic degradation and 
the cherished self-determining gloriflca- 
tion of human dignity, more and more 
centrally symbolized by man’s reasoning, 
moralized, possibly immortal soul. In 
altered temper the conflict continues. 
The extreme behaviorist insists that the 
cosmopolitan human herds diving hur- 
riedly into subways and emerging rest- 
lessly into skyscrapers are as readily in- 
telligible in their gyrating responses as 
are rats in a maze seeking what they may 
devour; while the Freudian analysts 
maintain that there is no slightest ges- 
ture .in all this locomotor perturbation 
that is not complexly animated by 
vestiges of motives as primal as the sex- 


ridden cave-man, and as complicated as 
the urge to security and completion that 
accounts for the maze-like patterns of 
civilization. 

But it is high time that we should 
realize that we have fully awakened from 
this psychological dream. Wlien .we 
pass from its latent meaning thus por- 
trayed in sub-self motives to its patent 
incidents of plot and circumstance, we 
find ourselves in a different world alike 
of interest and of vocabulary. I shall be 
bold enough to give my own solution 
first, for I am convinced that all psychol- 
ogy is one no less than is physics or 
biology, and that the conflicts of the psy- 
chologies, so confusing to child study as- 
sociations, editors of popular magazines, 
backwater professors of education and 
the inquisitive laity generally, and like- 
wise so dear to cultist devotees within 
and ’without the profession — that this 
appearance of hopeless division is for the 
most part illusory, and can be resolved 
as readily as the famous contradictory 
description of the elephant by the blind 
men, one of whom had him by the ears, 
another by the tail, another by the leg, 
another by the trunk, and none saw him 
rightly or whole for lack of eyes to see. 
For the structural and the functional, 
the dynamic and the purposive, the in- 
trospective and the experimental, the be- 
haviorist and the Freudian, the Gestaltist 
and the self-psychologist and the other 
“ism” renderings of the field of mind, 
are all partial gropings to describe the 
same beast, as nature made him, and as 
those whose psychological organs of vis- 
ion are fully opened can readily see him. 

It is obvious to the point of a truism 
that there is only one psychology, and my 
stock answer to the persistent inquiry as 
to what brand of psychology I profess 
is naturaliriic psychology. In common 
with every other psychologist I am a 
student of human nature, and my first 
and last obligation is to see that nature 
as nature made it, and as man has re- 
made it for his own purpob^; for that 
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remaking and that comprehension is the 
true human glory. The rest is a matter 
of emphasis, dominance of interest and 
detail of interpretation. I am convinced 
^at despite their special allegiances the 
great majority of active psychologists 
are naturalistic psychologists, and would 
be willing so to enroll themselves. 
Science advances not by way of isms but 
by clarification of concepts. The shift- 
ing concept of the human psyche is the 
core of the history of psychology. The 
naturalistic concept is established, and 
thereby sets the course of present-day 
and all future pursuits. 

Still viewing the. prospect from our 
privileged position of clarity and unity, 
psychology is seen to be the study of the 
motives and mechanisms of behavior and 
their organization, and it was never any- 
thing else, however mistakenly through 
presumption or prejudice these motives 
and mechanisms were misread. The pre- 
cisionist will insist upon the insertion of 
the word “mental'* before “behavior,** 
and thereby precipitate the unavoidable 
issue. Unfortunately, the term conscious- 
ness became entangled with the ancient 
dignities as well as with the intra- 
verted strabismic attitude called intro- 
spection (from which Professor Bentley 
vainly wishes to remove the curse by call- 
ing it inspection). It still requires a 
drastic correctional operation to make 
it plain that this self-awareness is as 
naturalistic a function as any other. It 
is in nature *s program, and is embedded 
deep in the evolution of the nervous sys- 
tem. A simple recognition of this 
naturalization of cerebral function in 
terms of awareness and all its implica- 
tions appears in Professor C. Judson 
Herrick's “The Thinking Machine** — 
a recent biological version of the essenti- 
ally human type of behavior. He speaks 
of the organs of consciousness as readily 
as of the organs of digestion or the or- 
gans of sex, and recognizes in the inter- 
play of those mechanisms the impedi- 
ments of behavior that may ensue if 


digestion or sex intrude too constantly 
upon the domain of consciousness. He 
makes it plain that without the aware- 
ness function, the specifically human 
gradient of behavior would not have ar- 
rived. Consciousness in all its varieties, 
including subconsciousness and simple 
orders of sensibility, finds its place in 
the naturalistic series. 

The actual struggle for the establish- 
ment of psychology is accordingly the 
conflict between the pre-naturalistic or 
anti-naturalistic or super-naturalistic 
positions versus the naturalistic psychol- 
ogy that has been in the making since 
Darwin, though it presents previous to 
that critical era quite an interesting 
group of antecedents in the story which 
Baldwin, Dessoir, Brett, Stratton and 
more recently Gardiner Murphy have 
presented, and which might well be re- 
presented from the approach which I 
have emphasized. The modern psychol- 
ogist would be aided and his presump- 
tion in turn chastened if he acquired a 
more intimate historical sense of the 
story of his profession. 

How magical-mystical psychology gave 
way to a rationalistic view of the human 
psyche, and how variously it survived 
and survives, is a tale of significance that 
runs somewhat parallel and somewhat 
tangential to the central development 
with which the historical texts deal. 
Unfortunately, what is academically cen- 
tral is often not so in the larger view of 
human interests. Chapter upon chapter 
must be devoted to the intensive (though 
to our interests often irrelevant) pur- 
suit of questions of psychological bearing 
considered in a religious, moralistic and 
philosophical temper, which for so long 
made psychology but a subordinate pro- 
tectorate of philosophy, and infused into 
it quite alien interests, quite misleading 
interpretations. The story of all science 
is full of irrelevancies and false leads, 
but none perhaps more so than the story 
of psychology. 
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The naturalistic psychologist is as pre- 
pared as is Watson to reject every vestige 
of the older approach, but reminds that 
insurgent behaviorist that this ancient 
war is over ; that there is no purpose in 
throwing stones at the windows of al- 
ready deserted houses, however strong 
the temptation to the small boy that sur- 
vives even in dignified psychologists. 

The other errors of behaviorism a la 
Watson are more interesting, though per- 
haps important only in so far as it is 
more difficult to evolve truth out of con- 
fusion than out of error. Evidently we 
are all behaviorists, but how we interpret 
our behavioristic obligations may deter- 
mine largely the trend of our psychologi- 
cal interests. I regret that I may seem 
to be doing extreme behaviorism too 
much honor in singling out its ex- 
travagances for mention, but it is a fact 
that this petulant challenge has served 
the purpose of making responsible psy- 
chologists examine their fences and re- 
vise their stakes and claims. The domi- 
nant and wholesome effect of the 
naturalistic concept of mind was to di- 
vert the overattention to the dignities 
and lordly prerogatives of the human 
soul toward the humbler examination of 
man’s communities with the rest of 
creation and of the simpler beginnings of 
his mental life. The genetic approach 
and the broadly zoological approach 
proved to be variously helpful to natu- 
ralistic psychology ; so did the physiologi- 
cal approach, demonstrating the organic 
dependence of so-caUed higher functions. 
All this activity, which more than any- 
thing else characterizes the modem 
temper in psychology, has as its central 
direction the study of psychology from 
below, of the simpler functions and inte- 
grations. The emphasis upon child be- 
havior, upon animal behavior, upon 
physiological behavior in its psychologi- 
cal integration, is all one consistent ex- 
pression of the supremely important 
principle that the simpler, earlier, more 


intimately organic approach is the indis- 
pensable clue to all the varieties of 
emergent superior functions that equip 
us to behave like human beings and to 
misbehave according to the same pat- 
terns. It was natural and helpful that 
with the specialization of psychology, 
owing to its imperialistic expansion in 
the last generation, there should be those 
to whom this “primitive” psychology 
would make the largest appeal. Taking 
their clue from the reflexes which form 
the action pattern of primitive response, 
some have proposed the name of reflex- 
ology, or again, objective psychology, for 
this domain. I see -no worthy purpose 
in giving this division of naturalistic 
psychology a special brand. If we con- 
tinue in that direction we may have to 
recognize tropismic psychologists and 
thalamic or visceral psychologists as well 
as cortical or neo-paUiumistic psycholo- 
gists; and though we shall enrich our 
vocabulary we ^all impoverish our co- 
operation. 

To conclude that because this “primi- 
tive” gradient underlies the whole of our 
psychic life, therefore its pattern domi- 
nates the whole of psychology is an error 
of the first magnitude. Dr. Watson’s 
invitation to psychology to commit hari- 
kari under his assurance that the psy- 
chologist has no insides to speak of must 
be politely declined. The conditioned 
reflex though real is most limited, and 
the problem of the true behaviorist is to 
explain how we develop our intelligence 
by remaining so largely free from con- 
ditioning. That the proper appreciation 
of our ‘ ‘ primitive ’ ’ psychology required 
an emancipation from the fallacies of our 
introspective dignities I have made clear ; 
but the transformation of that emancipa- 
tion into an “ism” is responsible .for 
much of the fallacious appearance of the 
conflict of our psychologies. Dr. Wat- 
son’s dramatic execution of consoioasness 
reminds one of Mark Twain’s similar re^ 
spouse to a similar “religious” stimulus. 
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Having listened under durance to a ser- 
mon on the God-given nature of con- 
science and the high privileges of that 
endowment, this skeptical penitent de- 
cided that he was much too frail a 
creature to undergo so severe a strain ; so 
he took his conscience down cellar and 
killed it with a hatchet. The similar 
destruction of imagery, of heredity, of 
insanity, I must on the present occasion 
decline to take too seriously. I am con- 
sidering behaviorism and not Watsonian 
idiosyncrasies. My purpose is accom- 
plished if I can make plain that extreme 
behaviorism is a radicalistic reaction to 
the neglect of primitive psychology, and 
is thus partly responsible for the fal- 
lacious conflict of the psychologies. 

We may interpret Freudianism as a 
similar overstatement of cortical psy- 
chology to put it neurologically, of spir- 
itual psychology, to put it historically. 
It is no longer the primitive fear and 
wonder of our make-up, but a far more 
sophisticated and perhaps equally stra- 
bismic and certainly more harrowing 
soul introspection that appears in psy- 
choanalysis. A Socratic Freud would be 
represented as an introverted oversoul 
suffering from a complex, peering into 
the subsoul that from its place of repres- 
sion in the nether regions looks and an- 
swers back. Yet the Freudian may 
claim that such is nature ; the only diffi- 
culty is to prove it. Its naturalistic in- 
tention may be admitted. Observe also 
how closely these tendencies, and as sub- 
consciously as the complexes which it 
discovers, turn about those two pivotal 
phases of the human psyche, its motives 
and its mechanisms. Freudian psy- 
chology is motivation psychology, or 
motivationism as Troland properly calls 
this approach ; and it discovers its mech- 
anisms in the motivistic temper. 3o 
once again, though all psychologists deal 
with motives and mechanisms, some are 
primarily motivationists, others primar- 
ily mechanists. The behaviorist pro- 
poses one set of mechanisms, the Freud- 


ian another; and they are not farther 
apart than are the gradients of the ap- 
plication. What at the one level is 
called the conditioned response is at the 
other called (psychic) fixation. We 
may have brain-stem conditionings and 
cortical fixations. So far as they 
validly describe psychic integrations, 
they are naturalistic. 

Again we are fortunate in that as a 
result of the experimental advances we 
have come upon an aid to the resolution 
of this conflict between psychology from 
below and psychology from above. For 
we have established a glandular psy- 
chology, and have found in its intimate 
correlation with autonomic functions 
that nature herself supplies the resolu- 
tion of the conflict. We are provided 
with two nervous systems and not one, 
both alike nature-set; and as we are 
autonomists or neo-pallic devotees, we 
shall emphasize our glandular bondage 
or our cortical self-determination. The 
danger in assimilating the insight is that 
of going beyond the evidence. We may 
be safe in speaking of a hyper-thyroid 
personality ; but if we go on to say that 
President Harding gave us an adrenal 
administration and President Wilson a 
pituitary one, we endanger the quality 
of our psychological as well as our politi- 
cal affiliations. Naturalistic psychology 
likewise has its temptations. 

And what about the Gestaltist? He 
is equally naturalistic and turns to the 
nature-set patterns of behavior for the 
interpreting concepts of his system. He 
has introduced a valuable correction of 
the stimulus-response formula applicable 
to a wide range of behavior. He has 
even ventured to find in the analogues of 
physical constitution a questionable sup- 
port of his configuration principles. 
Gestaltung is organization, which in 
turn is an emphasis upon the total or- 
ganism affected by the total situation 
and its total meaning; it is a protest 
against the detached analyses of an out* 
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grown psychology. Organization ex- 
tends from the lowest to the highest. 
It is inherent in this view to seek the 
supporting data in the natural range of 
behavior from low to high, alike in the 
ascending development of the infantile 
to the mature, and in the simplest and 
more rigidly patterned insect behavior 
to the occasionally rational chimpanzee 
and the frequently irrational human re- 
sponses. The Gestaltist has been sanely 
rational in his claims and on good terms 
with his colleagues. Repeating the 
proffered definition of psychology as the 
study of the mechanisms and motives of 
behavior and their organization, the 
Qestalt psychology centers upon the 
organization. 


The menace of the conflicting psy- 
chologies is that each will lay claim to 
the jurisdiction of the whole. By recog- 
nizing their common cause in a naturalis- 
tic interpretation, the ^conflict disappears. 
The day of isms is past; the history of 
isms is unfortunate. Psychology has 
come to its own by the same irregular 
dispensation by which the human mind 
has found itself, through the outgrow- 
ing of the presumptions and the errors 
of the ages. The story of psychology 
finds its reflection in the story of each 
of the sciences. But the unique fact 
that in this instance the instrument of 
enlightenment is also the object of study 
makes the story of man centrally the 
story of his psychological emancipation. 



THE PREEMINENCE OF PRIMARY 
EXPERIENCE 

By J. HOWARD STOUTEMYER 

' FRANKLIN OOLLSOE 


John Locke^ the leading English phi- 
losopher of the seventeenth century, 
aflBrmed his belief in the ancient dictum, 
** There is nothing in mind which was 
not first in the senses, ’ ’ to which his con- 
temporary, Leibnitz, the eminent Ger- 
man philosopher, retorted: ‘‘Except the 
mind itself.” In condemning Leibnitz’s 
doctrine of innate ideas which restated 
Platons theory that certain universal 
ideas were part of the original nature 
of the new-born child, Locke fostered 
the opposite doctrine that its mind was 
a blank tablet, and received sensory im- 
pressions from the sense organs as 
materially as the Roman wax tablet 
received the strokes from the stylus. 
Put in modem terms, this theory means 
that mind is changed by sensory stimuli 
as the film in the kodak is changed when 
the shutter is opened. Wordsworth, a 
fellow-countryman of Locke, voiced this 
static conception of mind in these words : 

The eye — it can not help but see; 

We can not bid the ear be still ; 

Our bodies feel, where'er we be, 

Against or with our will. 

The modern point of view holds that 
mind is inherently active and that it 
selects, from the myriad sensory stimuli 
ceaselessly impinging upon the sense 
organs, those particular ones to which 
it attends. Hence the sensory stimuli 
arouse activity that is inherent in mind 
but in no wise create that activity. As 
a source of initiating mental responses, 
the direct participation in life activities, 
or primary experience, is infinitely more 
valuable than the memorization of words 
describing such activities. The follow- 
ing paragraphs propose to illustrate the 
preeminence of primary experience. 


Half a century ago, the late G. Stanley 
Hall made a study of ‘ ‘ The Contents of 
Children’s Minds on Entering School.” 
The results revealed a woeful ignorance 
of the commonest things. Superinten- 
dent Greenwood found similar conditions 
prevailing among the young children in 
the schools of Kansas City. Teachers of 
young children were therefore admon- 
ished to take nothing for granted and 
examine critically the meanings which 
children attached to their words. Out 
of the fullness of his experience in a long 
active life, the late President Eliot 
wrote : 

It is a matter of everyday experience that 
most Americans can not observe with accuracy, 
repeat correctly a conversation, describe ac- 
curately what they have seen or hoard, or write 
out on the spot a correct account of a trans- 
action they have just witnessed. . . . 

The most important part of education has 
always been the training of the senses, through 
which the best part of knowledge comes. This 
training has two precious results in the indi- 
vidual besides the faculty of accurate observa- 
tion — one, the acquisition of some sort of’ skill ; 
the other, the habit of careful reflection and 
measured reasoning which results in precise 
statement and record. ... It follows from 
these considerations that the teaching of the 
senses should always have been a prime object 
in human education at every stage from primary 
to professional. That prime object it has never 
been, and is not to-day. The kind of education 
the modern world has inherited from ancient 
times is based chiefly on literature. 

The ancient Greek ideal of the edu- 
cated man was ‘‘the speaker of words 
and the doer of deeds.” Though the 
schools gave music for the soul and 
gymnastics for the body, there were 
many other educative forces at work 
developing* youth. The great athletic 
games, the dramatic contests and the 
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participation in the social and political 
life of the day secured a harmonious 
development of the acting, feeling and 
thinking sides of life attained by no 
other people. 

Since Neo-Platonism taught that the 
sole source of knowledge came through 
revelation, the leaders of the Middle 
Ages withdrew from contact with the 
world, and hence discouraged the study 
of nature. With its emphasis on dia- 
lectics, scholasticism enforced the verbal 
memorization of dictations justifying 
abstract theological dogmas. Absorption 
in the life to come led to the abhorrence 
of the beauties of the present world. 

Though the Renaissance began as a 
great liberalizing movement, it soon de- 
generated into the study of language to 
the neglect of the message of the litera- 
ture embodied therein. Since the learner 
was exalted above the doer, the move- 
ment resulted in ‘‘gerund-grinding*^ and 
the rote-memorization of Latin para- 
dyms. A writer of the time declared: 
“Youth is deluged with grammar pre- 
cepts infinitely tedious, perplexed, ob- 
scure, and for the most part unprofitable, 
and that for many years.** 

As time went on, many educational 
reformers arose and rebelled against 
these practices. Rabelais, the French 
writer, prescribed for Gargantua a wide 
acquaintance with nature and many 
constructive activities. His fellow coun- 
tryman, Montaigne, advocated wide 
reading of biography, even if it was in 
Latin, so that youth would come into 
intimate contact with the great men of 
antiquity, and wide travel in different 
countries to learn the customs and tradi- 
tions of other nations. Then, too, Rous- 
seau, the most brilliant prophet of the 
eighteenth century, was a firm champion 
of primary experience. He wrote: 

Ab everything that enters the mind finds its 
way through the senses, the first reason of a 
human being is a reason of sensation; that it 
is which forms the basis of intellectual reason; 


our first masters in philosophy are our feet, our 
hands, our eyea Substituting books for all 
this is not teaching us to reason, but simply 
to use the reason of other people; it teaches us 
to take a great deal on trust and never to know 
anything. 

Pestalozzi, the Swiss educator, a fol- 
lower of Rousseau, made the following 
entry in his diary : 

O God, who art my Father, and the Father 
of my child, teach me to understand the holy 
natural laws by which Thou preparest us 
slowly by means of an innumerable variety of 
impressions for the conceiving of exact and 
complete ideas of which words are but the 
signs. . . . Load your child out into nature. 
Teach him on the hill tops and in the valleys. 

... In these hours of freedom, let him be 
taught by nature. Should a bird sing or an 
insect hum, at once stop your talk. 

The way the child learns from nature 
is thus described by Whitman: 

There was a child went forth every day. 

And the first object he looked upon that object 
he became, 

And that object became a part of him for the 
day or certain part of the day, 

Or for many years or stretching cycle of years. 

So the birds and the beasts, the flowers 
and the fields, the marshes and the hills, 
and more than all 'his parents and his 
friends — 

These became a part of that child who went 
forth every day. 

And who now goes, and wiU always go forth 
every day. 

Just as Hiawatha learned of every 
bird and beast its language and its 
secrets, so Charles A. Eastman, born in 
the tepee of a Santee Sioux, learned the 
woodcraft of his people. Every morning 
as he “went forth” his uncle would 
charge him thus : 

<<HadakaJi, look closely to everything you 
see.*' And at evening, on my return he ttised 
often to catechise me for an hour or so. 
which side of the trees is the lighter colored 
barkf On which side do they have the most 
regular branchesf" It was ^ custom to let 
me name all the new birds that I had seen 
during the da,y» I would name them according 
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to the color or the shape of the bill or their 
Bong or their appearance and the localitj of the 
nest. In fact, anything about the bird that 
had impresBod me aa characteristic. He then 
usually informed me of the correct name. Occa- 
sionally I made a hit and this he would warmly 
commend. He went deeper into this science 
when I was a little older. He did not expect 
a correct reply at once to all the voluminous 
questions that he put to mo on these occasions, 
but he meant to make me observant and .a good 
student of nature. 

In a similar way, country children of 
the last century learned important bits 
of information incidentally in their 
everyday experiences. Thus S. S. Good- 
rich, better known as Peter Parley, com- 
piler of some eighty school texts, secured 
the best part of his education. 

In my youth, I become familiar with every 
bird common to the country; I knew his call, 
his song, his hue, his food, his habits; I could 
detect him by his flight as far as the eye could 
reach. I knew all the quadrupeds, wild as well 
as tame. I was acquainted with almost every 
tree, shrub, bush and flower indigenous to tho 
country. When I have traveled in other coun- 
tries, the birds, the animals, the vegetation 
have interested me. In looking over the pages 
of scientific works on natural history, I have 
always read with eagerness. Every idea I had 
touching these matters was living and sym 
pathetic, and beckoned other ideas to it, and 
these again originated still others. Thus it is 
that in the race of a busy life, by means of a 
homely, hearty start, I have, as to these sub- 
jects, easily and naturally supplied, in some 
humble degree, the defects of my irregular 
education. 

Reference may be made here to the 
effect of nature on the lives and works 
of a number of the great poets. Alive 
to every wonder of field and forest, 
Shakespeare noted carefully “the tem- 
ple-haunting martlet, ” “ the strange 
fowP’ alighting on “neighbouring 
ponds,” or “the banks whereon the wild 
thyme grows.” Thus he could boast 
even in boyhood, 

In nature’s infinite book of Becrecy 

A little can I read. 

Blest with genius and a wonderfully 
rioh sensory experience in youth, he was 


able in manhood to weave them into his 
imperishable dramas. The clear word 
pictures in these lines reveal the vivid- 
ness of sensory images gleaned from wide 
acquaintance with the flora in spring- 
time. 

When daisies pied and violets blue 
And lady-smocks all silver-white 
And cuckoo buds of yellow hue 
Do point the meadows with delight. 

It is little wonder that Wordsworth 
became the harbinger of the nature poets. 
Born in the small village of Cumberland, 
he spent his boyhood in the wonderful 
Lake District where his mind was 
thrilled with its beauty. His earliest 
recollections were of the grassy holms 
and rocky falls of Derwent, and the 
towering form of Skiddaw. His school 
days were passed on the banks of 
Esthwaite Water. What more could be 
asked in scenic splendor? His apprecia- 
tion of natural beauty is contrasted 
with that of the traditional schools as 
expressed in “Exposition and Reply,” 
where the master scolds William for 
dreaming his life away : 

Where are your books? that light bequeathed 
To beings else forlorn and blind I 
Up I Up I and drink the spirit breathed 
From dead men to their kind. 

In ” Tables Turned,” William makes 
answer : 

Books I ’tis a dull and endless strife; 

Come, hear tho woodland linnet, 

How sweet his music I On my life 
There’s more of wisdom in it. 

And hark I how the blithe throstle singBl 
He, too, is no mean preacher; 

Come forth into the light of things. 

Lot nature be your teacher. 

One impulse from a vernal wood 
May teach you more of man. 

Of moral evil and of good 
Than all the sages can. 

Though color-blind and with a poor 
ear for music, it is surprising how accu- 
rately Whittier observed and portrayed 
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Uie Bights and sounds of the farms about 
Job’s Hill. He knew country life in- 
timately as shown in “Snowbound” 
and “The Bare-Poot Boy” : 

Knowledge never learned of schoolBi 

For, eBchewing books and - tasks, 

Nature answers all he asks. 

Fortunately for Emerson, he was 
raised in ‘‘a quiet open region of gardens 
and pastures, sunny in winter and shady 
in summer. Of his life at Harvard, 
which he entered at thirteen, he wrote: 

The boy at college apologizes for not learning 
the tutor’s tasks, and triqs to learn them; but 
stronger nature gives him Otway and Massinger 
to read, or betrays him into a stroll to Mount 
Auburn, in study hours. . . . Ah, the powers 
of the Bpring, and ah, the voice of the bluebird 
and the witchcraft of Mount Auburn deUs in 
those days. 

Thus in Good-bye he wrote these 
delightfully refreshing lines: 

0, when 1 am safe in my sylvan home 
I tread on the pride of Greece and Borne; 

And when I am stretched beneath the pines, 
Where the evening star so holy shines, 

I laugh at the lore and the pride of man, 

At the sophist schools and the learned clan; 
For what are they all, in their high conceit. 
When man in the bush with God may meotf 

In “ May-Day also he reveals his keen 
appreciation of nature ^s spell: 

If t could put my woods in song 
And tell what’s there enjoyed. 

All men would to my garden throng. 

And leave the cities void. 

Can ’st thou copy in verse one chime 
Of the wood-bell’s peal and cry, 

Write in a book the morning’s prime. 

Or match with words that tender skyf 

Ever the words of the gods resound; 

But the porches of man’s ear 
Seldom in this low life’s round 
Are unsealed that he may hear. 

But the meanings cleave to the lake, 

Gan not be carried in book or urn ; 

Cio thy ways now, come later back, 

On waves, -and hedges still they bom. 


The early influences of the beauties of 
nature are clearly shown in the writings 
of Longfellow. His birthplace, Port- 
land, was a beautiful city full of trees, 
with the ocean in front, while in the 
hinterland rose the low hills of Munjoy 
and Bramhall deeply wooded. In man- 
hood, he wrote : 

Often I think of the beautiful town 
That is seated by the sea; 

Often in thought go up and down 

The pleasant streets of that dear old town. 

And my youth comes back to me. 


I can see the shadowy lines of its trees. 

And catch, in sudden gleams, 

The sheen of the far surrounding seas. 

And islands that were the Hesperides 
Of all my boyish dreams, 

I remember the black wharves and the slips, 
And the sea-tides tossing free; 

And Spanish sailors with bearded lips. 

And the beauty and the mystery of the ships. 
And the magic of the sea. 

And the voice of that wayward song 
Is singing* and saying still : 

‘‘A boy’s will is the wind’s will. 

And the thoughts of youth are long, 
long thoughts.” 

With these ever-recurring voices of 
youth, it is little wonder that he wrote 
these fascinating lines on the influence 
of nature in his poem for the celebration 
of “The Fiftieth Birthday of Agassiz,” 
the leading naturalist of the time. 

And Nature, the dear old nurse, took 
The child upon her knee. 

Saying: ”Here is a story book 
Thy Father has written for thee. 

Come wander with me,” she said, 

”Into the regions yet untrod; 

And read what is still unread 
In tho manuscripts of God.” 

And he wandered away and away 
With Nature, the dear old nurse, 

Who sang to him night and day 
The rhymes of the universe. 

And whenever the way seemed long, 

Or his heart began to faU, 

She would sing a more wonderful song, 

Or tell a more wonderful tale. 
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From these selections, taken as types, 
we conclude that the poets believed that 
contact with nature was an educative 
force of prime importance. What then 
is the place of the book? In “The 
American Scholar,*’ Emerson gives an 
excellent answer: 

I had better never see a book, than to be 
warped by its attraction clean out of my own 
orbit, and made a satellite instead of a system. 
Hence, instead of Man thinking, wo have the 
bookworm. Hence, the book-learned class, who 
value books, as such; not related to nature and 
human constitution, but making a sort of Third 
Estate with the world and the soul. Mon 
thinking must not be subdued by his instru- 
ments. Books are for the scholar’s idle times. 
When he can read God directly, the hour is too 
precious to be wasted in other men’s manu- 
scripts of their readings. But when intervals 
of darkness come, as come they must, when the 
sun is hid, and the stars withdraw their shining, 
we repair to the lamps which were kindled by 
their ray to guide our steps to the East again, 
where the dawn is. 

Thus to Man thinking, books become 
the beacons that beckon on to new vistas 
of adventure. In “Great Naturalists” 
Henry P. Osborn states the influence of 
Malthus on Darwin and Wallace. Dar- 
win wrote thus: 

In October, 1838, that is fifteen months after 
I had begun my systematic inquiry, I happened 
to read for amusement, Malthus on Fopula* 
tion,” and being well prepared to appreciate 
the struggle for existence which everywhere goes 
on, it at once struck me that under these cir- 
cumstances favorable variations would tend to 
be preserved and unfavorable ones be destroyed. 
Here, then, I had at last a theory by which to 
work. 

Though he gleaned little benefit from 
his college work, he profited much from 
reading Shakespeare, Wordsworth, Cole- 
ridge and Milton. He prized greatly the 
associations with such men as Herschel, 
Humboldt, Henslow, and above all the 
great geologist Lyell. The most domi- 
nant and forces of his whole 

life, however, were the years .spent on 
the voyage of the Beagle which fruited 
twenty-one years later in “The Origin 
^ Species. Wallace had read the 


same stirring books, and felt the spell 
of these same scientists. Four years 
spent along the Amazon, and, later, eight 
years in the Malay Archipelago, afforded 
him the materials to bolster up the same 
theory of evolution which had come to 
Darwin twenty years earlier. In both 
cases, wide travel garnered great trains 
of facts and observations, but an ade- 
quate theory to explain these came from 
the reading of Malthus ’s “Essay on 
Population.” The book was certainly 
important, but its seed would have fallen 
on barren soil had not wide experience 
in dealing with natural phenomena 
already tilled it. 

In his essay “Boy Life in a Country 
Town,” G. Stanley Hall descmbes the 
educative situations in a Massachusetts 
town at about the middle of the nine- 
teenth century. In the regular activities 
in home and community, the boy learned 
the rudiments of some sixty trades, and 
doubtless the girl learned quite as much 
in the duties of home-making. Children 
freely associated with other children 
throughout the neighborhood. They en- 
gaged in all the sports and games of the 
country side. Then, too, there were the 
husking bees, quilting parties, spelling 
schools, and many other types of social 
gatherings where the boy and the girl 
gained social insight. The value of the 
primary experiences in dealing with the 
whole processes of clothmaking — shear- 
ing the sheep, carding the wool, plying 
the loom — and fashioning the cloth into 
garments, or the making of tools, build- 
ing homes and animal husbandry, is thus 
strikingly portrayed by Professor John 
Dewey ; 

We can not overlook the factors of discipline 
and of character-building involved in this: 
Training in habits of order and industry, and 
in the idea of responsibility, of obligation to 
do something, to produce something, in the 
world. There waa always aomsthing which 
needed to be done, and a real necessity that 
each member of the household shonld do his 
own part faithfully and in cooperation with 
others. Personalities which beoame effective 
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in action were bred and tested in the medium 
of action. Again, wc can not overlook the im- 
portance for educational purposes of the close 
and intimate acquaintance got with nature at 
first hand, with real things and materials, with 
the actual processes of their manipulation, and 
the knowledge of their social necessities and 
uses. In all this there was continual training 
of observation, of ingenuity, constructive imagi- 
nation, of logical thought and of the sense of 
reality acquired through first-hand contact with 
actualities. The educative forces of the domes- 
tic spinning and weaving, of the sawmill, the 
grist-mill, the cooper shop and the blacksmith 
forge, were continually operative. 

No number of object-lessons, got up as object- 
lessons for the sake of giving information, can 
afford even the shadow of a substitute for ac- 
quaintance with the plants and animals of the 
farm and garden, acquired through actual living 
among them and caring for them. No train- 
ing of sense organs in school, introduced for 
the sake of training, con begin to compete with 
the alertness and fulness of sense-life that 
comes through daily intimacy and interest in 
familiar occupations. Verbal memory can be 
trained in committing tasks, a certain discipline 
of the reasoning powers can be acquired through 
the lessons in science and mathematics; but, 
after all, this is somewhat remote and shadowy 
compared with the training of attention and of 
judgment that is acquired in having to do 
things with a real motive behind and a real 
outcome ahead. 

Within a century our population has 
drifted from rural regions to urban cen- 
ters so that now more than 50 per cent, 
of the people live in cities of 2,500 or 
more. With the development of machine 
processes of manufacture, many educa- 
tive situations in home and community 
have gone to large manufacturing plants. 
Thus one by one these primary experi- 
ences have been taken away from the 
child. In lieu of these educative situa- 
tions, school programs have been en- 
larged, new subjects have been added, 
and larger text-books have been adopted. 
Thus children, having lost by natural 
means their chances for actual work and 
play, fail to develop depth of emotions 
and breadth of knowledge about things, 
for. they do not have opportunities to 
come into intimate contact with nature 
or to make lihings or to care for pets or 


to have responsibilities or tasks. Multi- 
tudes, flowing into cities built by a 
sturdy by-gone generation, are confused 
thereby for they can not understand the 
forces that are overpowering them. 
They are rushed from place to place, 
jerked down subways, and shot up 
elevators ; they climb stairways by 
machinery, whisk lunch off of moving 
tables, and wonder if the North Star is 
still fixed. 

Three quarters of a century ago, 
Herbert Spencer, the English philoso- 
pher, wrote that parents forced books 
upon children too early, for they did not 
recognize the superior importance of 
first-hand facts in experience to second- 
hand facts in books, and they failed to 
realize that book materials could be 
understood only through direct contact 
with things treated in these books. He 
wrote thus: 

PoBBeesed by a superstition which worships 
the symbols of knowledge instead of knowledge 
itself, they do not see that only when his 
acquaintance with the objects and processes of 
the household, the street and the fields. Is be- 
coming tolerably exhaustive, only then should 
a child be introduced to the new sources of 
information which books supply, and this, not 
only because immediate cognition is of far 
greater value than mediate cognition, but also 
because the words contained in books can 
rightly be interpreted into ideas only in propor- 
tion to the antecedent experience of thl^s. 

About a third of a century ago the 
eminent educator, Paul Hanus, criti- 
cized the isolation of the school from 
life and asserted that the methods of 
teaching the common branches were so 
bookish and abstract that children failed 
to make permanent mastery of their con- 
tents. 

It was, therefore, quite generally true that 
the total permanent result of the first eight 
years of the pupil’s school life was the ability 
to read, but not the reading habit; the ability 
to spell and write words, but no power of ex- 
pression with the pen; a varying ability to add, 
snbtract, multiply and divide simple ttnmbsmb 
integral and fractional, but much uneertaiii^ ia 
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all other arithmetical operations; a fragmen- 
tary book knowledge of names and places of 
our own country and of foreign countries; and 
some scrappy information relating to the his- 
tory of the United States. 

Since schools so frequently taught 
shreds of knowledge torn from their con- 
texts, it is little wonder that pupils 
failed to comprehend these abstractions. 
Answers to examination questions, as the 
following, reveal such lack of intelligent 
mastery : 

Wolfe declared he would rather repent Gray’s 

Elegy” than take Quebec. 

The Bosetta Stone was a missionary captured 
by the bandits. 

The imperfect tense is used in French to ex- 
press a future action in past time which does 
not take place at all. 

Much butter is imported from Denmark be- 
cause Danish cows have greater enterprise and 
superior technical education to ours. 

It has happened that pupils living on 
the Mississippi River failed to identify 
it with the one studied in the geography. 
Quick, an English educator of the past 
century, asked a group of boys to locate 
Rome. Since none answered, he said, 
‘*It*s geography.*' They immediately 
said, ‘‘In Italy." Some Boston school 
boys read “Wisconsin" on the badge of 
a traveler. When he asked where Wis- 
consin was, the boys were puzzled. The 
traveler exclaimed: “What? Haven't 
you studied geography?" They an- 
swered quickly, “You mean the Wiscon- 
sin in the geography; that's one of the 
forty-five states." A high-school grad- 
uate was surprised to discover that the 
Caesar of Latin and the Caesar of his- 
tory and the Caesar of English literature 
were one and the same man. 

As long as the home gave training in 
the manual skills and the community 
afforded educative situations in orienting 
youth, there was no great danger from 
the isolation of the school from active 
life, and the imperfect mastery of the 
materials taught. With the increasing 
complexity of social forces and the con- 
SOqueut lesseuing opportunities for par- 


ticipation in the fundamental community 
activities, the schools must compensate 
for these losses by affording means of 
vicariously participating in these activi- 
ties. They must help the child to organ- 
ize his world and to orient himself in it. 
“To see life clearly and see it whole" 
is an important function of the school. 
What Howard R. Driggs discovered in 
regard to cities should be the experience 
of every child in the larger world of 
things, lie and his brother went to 
Chicago in 1893 to see the World's Fair. 
They were as much lost in the large city 
as were the “babes lost in the woods." 
By chance they met a friend who told 
them to go to the top of the Masonic 
Temple and look over the city. 

As we walked around the observatory plat- 
form, the city in all its settings spread itself 
like an animated map before and below us. 
Out to the east. Lake Michigan; to the south, 
west and north, the checkered mass of business 
blocks and other buildings spreading far away 
over the Illinois prairie. The whole plan of 
the city was revealed in one bird’s eye view. 
Since that sight I have never been at a loss to 
direct myself in Chicago. And since then, too, 
whenever I visit a large city for the first time, 
I always try to get to the top of some hill or 
E;kyBoraper and take in the city as a whole. 

Schools are attempting this orienta- 
tion by introducing general courses in 
science, language, mathematics and 
literature. Educational guidance and 
vocational guidance are also helpful for 
this purpose. 

The schools are also slowly changing 
their methods of teaching to secure this 
end. Problem-solving replaces the ex- 
treme emphasis on memory work in the 
older education; conduct is an end far 
more sought after than isolated informa- 
tion; principles are developed as prob- 
lematic situations require their use ; and 
school situations duplicate life situations 
as far as that can be accomplished. 
Field trips, pageants, dramatization, and 
other like devices make real many of the 
school materials of older days. A third 
. of a century ago, Professor Dewey intro- 
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duced into the University of Chicago 
Elementary School a kind of approach 
which he called ‘'Occupations.'* An 
abridged statement of his philosophy 
follows : 

By occupation, 1 mean a mode of activity on 
the part of the child which reproduces, or runs 
parallel to, some form of work carried on in 
social life. The fundamental point in the psy- 
chology of an occupation is that it maintains 
a balance between the intellectual and the prac- 
tical phases of experience. As an occupation it 
is active or motor; it finds expression through 
the physical organs, the eyes, hands, etc. But 
it also involves continual observation of mate- 
rials, and continual planning and reflection, in 
order that the practical executive side may be 
successfully carried on. Now in the natural life 
of the individual there is always a reason for 
sense-observation. There is always some need, 
coming from an end to be reached, that makes 
one look about to discover and discriminate 
whatever will assist him. Normal sensations 
operate as clues, as aids, as stimuli, in direct- 
ing activity in what has to be done; they are 
not ends in themselves. The same principle 
applies to normal thinking. It also does not 
occur for its own sake, nor end in itself. It 
arises from the need of meeting some difficulty, 
in reflecting upon the best way of overcoming 
it, and thus leads to planning, to projecting 
mentally the result to be reached, and deciding 
upon the steps necessary and the serial order. 
This concrete logic of action precedes the logic 
of pure speculation or abstract investigation ; 
and through the mental habits that it forms 
it is the best preparation for the latter. 

The several activities necessary for the 
securing of food, transportation of these 
necessary food supplies, weaving and 
cloth-making, tools and their uses and 
many other processes actually used in 
out-of-school life formed the basis of 
their study, not as trade information 
but as a means of understanding life 
activities. Following Professor Dewey's 
lead the reorganized schools of Russia 
devote much of the first four years of 
school life to the study of the village 
activities surrounding the child. The 
elements of mathematics, geography, 


civics and history are introduced as they 
help to interpret the social and economic 
life of the village. In “Schools of To- 
morrow," Dewey describes a number of 
schools that are attempting to introduce 
activities in order that, by means of 
participation, the child may see life 
clearly and as a whole. Although 
schools of private adventure and experi- 
mental schools in universities have taken 
the lead there are numerous public 
schools that are quietly pushing toward 
this goal. The Junior Republic at Pree- 
ville, New York, called “an experiment 
in democracy," has attempted to dupli- 
cate all the activities that an ordinary 
community pursues. The juvenile citi- 
zens work and receive their wages ; they 
perform the duties of several civic 
offices, and, by means of this participa- 
tion, they master the necessary skills, 
knowledges and emotional sets for good 
citizenship in their own republic. Per- 
haps the most spectacular of all the 
attempts to get experience first hand is 
the floating university. Students of 
botany and zoology have rare opportuni- 
ties for study at the botanical gardens 
in Java and Ceylon, the aquariums at 
Honolulu and Naples, and the zoological 
gardens in Hamburg and London. Stu- 
dents of the social sciences have just as 
rare opportunities in studying the differ- 
ent races, their customs and traditions. 

Life is full and vast in proportion to 
the fullness and vastness of the life of 
the persons experiencing it. So too, the 
book is significant in proportion to the 
significance of the experiences that the 
reader brings to interpret the ideas of 
the author. Hence, book learning and 
school work must be based on primary 
experiences, must interpret them and 
finally lead to a clear and whole view 
of life. 
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There is little novelty in the state- 
ment that mathematics is the essence of 
science, and almost as little novelty in 
the statement that mathematics is an 
art. That mathematics plays the pre- 
mier role in science is, in fact, an old 
notion, and one which has found fre- 
quent expression ever since the time of 
Pythagoras’ famous and prophetic 
dictum that the nature of things lay in 
number. So common has it been for 
scientists and philosophers to comment 
on this dependence that the problem of 
adducing suitable quotations is dis- 
tinctly one of selection, rather than 
search. Only two quotations will be 
given here, one from a preeminent scien- 
tist and one from a great philosopher. 
In Laplace’s essay on probabilities oc- 
curs the statement, the effects of 
nature are but mathematical results of 
a small number of immutable laws”; 
while Kant has said, ”I contend that 
each natural science is a real science 
only in so far as it is mathematics.” 

Not so ancient or so generally held is 
the notion that mathematics is an art. 
Even near the end of the twentieth cen- 
tury Boltzmann, describing some mem- 
oirs of Kirchofl, spoke of these mathe- 
matical essays as having uncommon 
beauty, and then felt it necessary to add, 

‘Beauty?’ I hear you ask: ‘Do qot the 
graces flee where integrals stretch forth 
their necks?’ ” Shortly after 1900, 
however, one of the great American 
mathematicians said, “1 like to look at 
matheipatics almost more as an art than 
as a science”; while from Bertrand 
Bussell we have the statement, “Mathe- 
matics, rightly viewed, possesses su- 
preme beauty — a beauty cold and aus- 
tere, like that of sculpture.” 


Thus the statements, “Mathematics is 
the essence of science” and “Mathe- 
matics is an art, ’ ’ are by no means new 
statements. We would scarcely expect 
that any such simple, natural and gen- 
eral pronouncements would have es- 
caped previous expression. Mathema- 
ticians have a professional reason for 
being particularly skeptical concerning 
the probable novelty of any such state- 
ment, for they may easily reckon that, if 
four words be chosen from the dictionary 
at random, the cljp,nce production of the 
sentence, “Mathematics is an art,” is a 
million million million times more likely 
than is the dealing of any particular 
hand around the bridge table. The topic 
under consideration is, thus, an old one, 
but one which deserves continual re- 
examination as our attitude toward 
mathematics and science changes. And 
the time now seems particularly appro- 
priate for such examination, since our 
views of the purposes and possibilities of 
scientific theories are in the process of 
so fundamental a change. The previous 
sentences have referred, in general, to 
‘ ‘ science, ’ ’ but further consideration 
will, for several reasons, be restricted to 
physics. This is not, it would seem, an 
essential restriction. The restriction 
exists partly because physics is the most 
completely developed science, and partly 
merely because the writer is not qualified 
to speak of other fields of science. 
Physics, however, deserves and can bear 
this special attention. It is surely a 
basic science ; it is probably fair to pro- 
nounce it the basic science. John Dewey 
has recently expressed the dependence 
of all other sciences on physics by re- 
marking, “Chemistry waited on the 
advance of physics ; the sciences of living 
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things required the materials and meth- 
ods of physics and chemistry in order to 
make headway. Human psychology 
ceased to be speculative opinion only 
when biological and physiological conclu- 
sions were available.’* 

It is thus our purpose to consider the 
relationship between physics and mathe- 
matics, and that between mathematics 
and art; and, more particularly, it is 
our purpose, as the title suggests, to 
point out the role which imagination 
plays in the development of mathematics 
and physics. A double thesis will be 
defended. It will be argued that mathe- 
matics, as we view it to-day, is an artistic 
production of the creative imagination; 
and it will be argued that physics is 
to-day in the process o^ becoming almost 
purely mathematical in structure. 

It has become quite fashionable, of 
late, to speak of the beauty of mathe- 
matics and to refer to mathematics as 
an art. It may seem somewhat un- 
gracious to point it out, but such state- 
ments have frequently been made by 
persons who certainly do not know what 
mathematics is, and who very possibly 
do not know what art is. It is danger- 
ously attractive for one to make such 
gestures, courteous though they be, 
towards that which one respects and 
admires, even though he neither appre- 
ciates nor understands. Grandly to say 
that mathematics is an art, carries with 
it a pleasant implication that the 
speaker, in the slanguage of to-day, 
‘‘Knows his mathematics” and ‘‘Knows 
his art. ’ ’ Thus this statement has some- 
times been one of those rebounding com- 
pliments whose real purpose is to reveal 
the erudition and culture of the maker. 
There is fairly close agreement among 
mathematicians as to the nature of their 
subject, but when we speak of art, we 
must proceed with caution and reserve, 
well aware that there are as many defini- 
tions of art as there are thinking men. 

It will be necessary, in the first place, 
to remind ourselves of a few familiar 


facts concerning mathematics itself. 
The first great organization of mathe- 
matics occurred in Greece in the few 
centuries immediately preceding the 
birth of Christ. This organization is 
epitomized in the writings of Euclid. 
The Greek geometers recognized clearly 
the necessity that mathematics, as a 
logical structure, start somewhere, and 
they exhibited, at the outset of their 
arguments, the primitive concepts or 
elements which the argument was to 
concern and the primitive propositions 
or axioms concerning these elements. 
The primitive elements of their ge- 
ometry were such things as “points,” 
“lines,” “planes,” etc. These ele- 
ments were, to them, entities which were 
so well known and so widely recog- 
nized as to need little description. They 
said, for example, that a “point” was 
that which had no dimensions, not be- 
cause they thought that this remark 
uniquely and completely defined what 
they meant by points, but merely to 
indicate to the reader that by the word 
“point” the writer meant that familiar 
dimensionless object which the reader 
was himself accustomed to call a point. 
That is, the so-called “definitions” of 
the elements were relatively vague and 
informal remarks, whose real purpose 
was merely to identify the concepts in 
the writer’s mind with concepts the 
reader was assumed already to possess. 
The “axioms” were, to them, self-evi- 
dently true statements about the familiar 
elements. That their statements con- 
cerning the elements were for the pur- 
pose of identification rather than of 
definition is clear from the fact that the 
axioms were supposed self-evidently 
true. A statement can not be viewed 
as self-evidently true unless it concerns 
familiar, rather than new edneepts. 
Granting the familiar elements and cer- 
tain self-evidently true relations between 
them, the Greek mathematician then car- 
ried out logical arguments which residted 
in interesting further relations, called' 
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theorems. The significant feature of 
this structure is the clear recognition of 
the necessity for an explicit and accepted 
basis of fact and concept, it being the 
task of the mathematician to discover all 
the relationships which are logical con- 
sequences of this basis. 

It took mathematics roughly twenty 
centuries to materially improve on this 
conception. It is true that for centuries 
there had been vague misgivings con- 
cerning the axioms of Euclid. The 
famous seventh axiom concerning the 
number of lines that can be drawn 
through a point parallel to a given line, 
did not, even to men of that day, have 
quite the clear ring that a self-evident 
truth should have. Mathematicians, 
logicians, philosophers and theologians 
(this was back in those ripe days when 
party lines were not so strictly drawn) 
investigated this axiom, attempting to 
show that it was a logical consequence 
of the other more obvious axioms. These 
attempts consistently failed. Finally, 
in 1733, a geometer and logician named 
Saccheri attempted to show that any 
departure from this axiom would lead 
to inconsistencies. To his surprise, the 
inconsistencies did not develop. It is 
important to notice that, although this 
particular axiom was under close 
scrutiny, its truth was not suspect. It 
was stiU held that axioms should be self- 
evident truths; the only difficulty was 
that this particular axiom seemed un- 
satisfactory. The impetus for the real 
change in view-point came from the 
geometrical writings, published shortly 
after 1825, of Lobachefski and Bolyai. 
The old naive belief that the postulates 
of Euclid were self-evident truths, or 
that the less evident ones were capable 
of proof on the basis of the more evident 
ones, was completely overthrown by the 
fact, established independently by these 
two geometers, that it was possible ma- 
terially to alter these postulates and 
logically derive new bodies of doctrine, 


just as self-consistent and as inherently 
plausible as the old. The theories these 
two great geometers inaugurated are 
the so-called non-Euclidean geometries 
which have played so significant a role 
in the development of the theory of 
relativity. A second great impetus came 
from the work of Weierstrass, M6ray, 
Dedekind, Cantor and later mathemati- 
cians concerning the relationship be- 
tween analysis and the theory of the 
integers. 

Without stopping to trace the steps by 
which the change in view-point has oc- 
curred, one can summarize the result in 
this way: A branch of modern mathe- 
matics, like Greek geometry, consists of 
the logically consistent consequences of 
an original set of propositions about an 
original set of elements. Our ideas, how- 
ever, concerning these original proposi- 
tions and elements have experienced 
great change. The original propositions 
we no longer call axioms and regard as 
self-evident; we call them postulates, 
and regard it to be without meaning to 
inquire concerning their truth. The 
original elements we no longer ^‘define'* 
or describe in the hope that the reader 
will recognize them. The elements of a 
modern theory are quite undefined, ex- 
cept in BO far as one may view as a 
defining qualification the statement that 
the elements satisfy the postulates. 

Thus modern mathematics differs 
essentially in structure from the mathe- 
matics which prevailed up to the 
nineteenth century. Granted the postu- 
lational basis, modem mathematics pro- 
ceeds in much the same way as did the 
older discipline. The problems have 
become more involved and more subtle, 
so that the logical technique required is 
more extensive and delicate. The fact 
that the mathematician is perfectly free 
in his choice of postulation basis brings 
into mathematics some questions of a 
quite new nature. As regards our pres- 
ent argument, however, the important 
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point is that the new attitude towards 
the beginning of mathematics has 
brought with it an entirely new attitude 
towards the subject as a whole. 

There are two chief aspects of this new 
attitude. The first results from the fact 
that the postulational (rather than 
axiomatic) character of modern mathe- 
matics entirely severs the previous sup- 
posed connection between mathematics 
and truth, and replaces this by the less 
pretentious but more definite quality of 
logical consistency. The Greeks natu- 
rally viewed their theorems as true, 
since they were the logical consequences 
of self-evident truths ; but the postulates 
of a modern theory, far from being self- 
evident truths, are pure assumptions and 
have no concern with truth at all. 
Mathematics does not even understand 
the question *^ls this statement truef” 
but concentrates her powers solely on 
attacking, with truly awful rigor, the 
question ^'Is this statement tautologi- 
cal To those not versed in mathe- 
matics this is a startling admission, for 
the ^^man in the street” has a profound 
and almost mystic respect for what he 
thinks of as the ” truth” of mathematics. 
When the popular orator wishes to reach 
the pinnacle of finality, he thunders 
out that something is ” mathematically 
true.” He intends to thus convey, and 
usually does convey, the idea that it 
would be nothing short of indecent in- 
sanity to doubt his statement. But it 
is important to see that when the man 
in the street views mathematics us a 
subject austerely true, he ascribes to 
mathematics a virtue she not only does 
not claim, but the existence of which 
she does not even recognize. 

A second particularly important fea- 
ture of the new attitude towards mathe- 
matics is the great increase of signifi- 
cance which has resulted from the lack 
of definition of the elements. The 
theory is no longer merely a theory 
concerning particular things which be- 


have in a certain way, but rather a 
general theory concerning all things 
which behave in this way. For example, 
since Weierstrass and Cantor have 
shown us that all analysis is reducible 
to statements about integers and since 
Peano has shown us that the theory of 
integers is a special instance of the 
general theory of any infinite sequence 
satisf3dng a few simple postulates, we 
now appreciate that any theorem of 
analysis can be interpreted in terms of 
such general sequences. To take a more 
striking example, the postulates at the 
base of the Dirac’s abstract formulation 
of quantum theory are, with a minor 
change, those used in general theories of 
linear sets. Thus the theorems of this 
abstract branch of pure mathematics are 
(with suitable modification) theorems of 
quantum theory. 

It is with all seriousness, then, that 
one of the leading authorities defines 
mathematics as the subject in which we 
never know what we are talking about, 
or whether what we are saying is true. 
Just preceding this famous definition, 
Mr. Bertrand Russell said : 

Pure mathematici consiata entirely of auoh 
asBcverationa aa that, if such and auch a propO' 
aition ia true of anything, then such and auch 
another propoaition ia true of that aame thing. 
It ia eaaential not to diacuaa whether the first 
propoaition ia really true, and not to mention 
what the anything ia of which it is auppoaed to 
be true. If our hypothesis ia about anything, 
and not about some one or more particular 
things, then our deductions constitute mathe- 
matics. 

Having gone thus far, it will be well, 
before proceeding with our main argu- 
ment, to barely mention certain impor- 
tant considerations with which we will 
not be concerned. It would be unfor- 
tunate to leave the impression that the 
two aspects of newer mathematics juflt 
discussed are its only distinguishing 
features. The new attitude has brought 
new problems of great significance, and 
has been responsible for great advaneefi 
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not hinted at above. For example, if 
one’s original assumptions are self-evi- 
dent truths, then they naturally are 
consistent ; but if they are pure assump- 
tions, one has an important task, namely, 
that of developing the logical mechanism 
for scrutinizing a set of assumptions 
relative to their reducibility and consis- 
tency. Furthermore, the new mathe- 
matics has developed a standard of rigor 
quite unprecedented. The influence of 
this new standard of rigor on thought 
in general, and even on logic itself, has 
been very great, but can not be discussed 
here. We are apt to think of the assis- 
tance mathematics has lent to astronomy, 
physics, the engineering sciences, etc., 
as being the greatest monument to her 
usefulness, but it may well be that the 
greatest debt that progress will even- 
tually owe mathematics will be due her 
for the cleansing and purifying honesty 
she has insisted upon in all intellectual 
processes. One who was, so to speak, 
raised on undeflned elements, is not 
likely to be deluded into a false sense of 
understanding when there is presented 
to him an argument which turns on a 
supposed understanding of concepts 
actually quite vague and undeflned, but 
which, from mere long usage, we have 
regarded as familiar. One who was 
trained in the school of postulational 
method realizes keenly that an * * explana- 
tion” in any intellectual field is the 
setting forth of the connection between 
two logical levels — a higher or more 
complex level, on which is the matter 
to be explained, and a lower or more 
simple level, on which are found the 
terms of the explanation. And since 
explanations are of this sort, it is clear 
that the sense and value of the explana- 
tion is vague if not altogether absent 
unless the lower as well as the higher 
level is specifically scrutinized. 

Important as are the considerations 
just mentioned, they are not our prin- 
cipal concern here. We are now in a 


position to defend our first proposition, 
” Mathematics is an art,” and we shall 
see that an appreciation of the spirit of 
modern mathematics is essential to the 
discussion^ The point of central signifi- 
cance seems to be this : The purely 
assumptive character of modern postu- 
lational mathematics makes it clear that 
a mathematician is not a discoverer, but 
a creator. To be sure, not all that is 
created is art ; but it would surely seem 
that no activity has a right to enter the 
contest for recognition as artistic activity 
until it can first establish itself as crea- 
tive activity. The mathematician is not 
merely the industrious janitor of a dark 
and dirty room, grubbing about in the 
corners in the hope that he may finally 
uncover and dust off a preexisting truth. 
He is engaged in the far more exciting 
task of exercising his own creative 
imagination, and of creating compli- 
cated logical patterns of great beauty. 
In the early stages of photography, the 
operator was essentially a discoverer. 
He went about locating faces or objects 
or scenes which he caused his apparatus 
to duplicate with slavish accuracy. Pho- 
tography became an art when the 
operator came to realize that he need 
not limit himself to the discovery and 
duplication of existing forms and scenes. 
He found that he could use soft focus 
lenses, and that he could so manipulate 
his developing and printing processes as 
to bring the whole result under his con- 
scious and selective control. Quite 
similar has been the experience of the 
mathematician. 

It is difficult to say what it is that 
decides whether or not a creation is a 
work of art. It seems to be largely a 
matter of the subjective reaction which 
the creation arouses; but it will be 
dangerously easy to argue in terms of 
subjective reactions. When a man reads 
a paper by Einstein, and then goes 
about beatipg his breast, tearing his hair 
and declaring that the paper is a great 
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work of art, we are not so likely to agree 
with him as we are to suspect that he is 
a bit balmy. If thousands of respectable 
citizens were to read the paper, and were 
universally struck by its artistic quali- 
ties, then we might be ready to accept 
the evidence of such a subjective reac- 
tion. But, unfortunately, mathematics 
is a very exclusive discipline, written in 
a condensed jargon which it takes years 
to master, and it can never hope to gain 
general direct appreciation. So we will 
do well to confine our argument almost 
entirely to objective qualities of mathe- 
matics, although this is an obviously 
severe limitation. 

We may first consider certain similari- 
ties between the actual procedure of the 
mathematician and artistic workers in 
other fields. When the mathematician 
has finished one task and is looking about 
him for a new one, the situation that 
confronts him is very similar to that 
which would confront a painter or a poet 
under similar circumstances. Neither is 
a mere explorer or discoverer. Each is a 
potential creator. Each has before him 
a choice of media. He may choose the 
sonnet form, the language of geometry, 
the sculptor's chisel, the algebraic ap- 
proach, the etcher’s needle, the tensor 
method or what he will. His medium 
chosen, his subject is itself restricted 
only by the bounds of his imaginative 
faculty. He may choose a homely and 
familiar scene, as do the genre painters 
and as do some mathematicians. Or he 
may cut as loose from tradition as did 
Blake, Grassmann, Picasso and Einstein. 
In the development of his subject, each 
may owe to external nature as detailed 
a debt as he chooses. He may seek to 
imitate nature meticulously and micro- 
scopically, as did certain of the Dutch 
masters and as does the theoretical phy- 
sicist of to-day. Or the mathematician 
may create logical patterns as purely 
unimaginative as the geometrical pattern 
of th^ designer of rugs or fabrics. He 


may even let his imagination run riot, 
as do the most bizarre of modern painters 
and poets, and as mathematicians have 
often done. Having chosen his medium, 
subject and style, the activity of the 
mathematician is subject to a sort of 
artistic restraint, as is the activity of a 
sculptor or poet. He experiences a 
limitation of means which seems to be a 
basic characteristic of any artistic proc- 
ess. The mathematician has to use (at 
least ordinarily) the canons of logic, 
just as the poet has to use (ordinarily) 
accepted language. Unless he is a truly 
great pioneer, the mathematician is lim- 
ited by the traditions of his subject. 
Such limitations, however, are character- 
istic of the restraint of any decent art. 
One does not write a sonnet of twenty 
lines, nor does he carve a marble and 
then touch it up with oil paints. 

The actual activity of the mathemati- 
cian thus shows striking similarity to 
the activity of the composer, the poet or 
the painter. As regards the product of 
the mathematician, it is more difficult to 
say what it is that makes those judge 
it to be artistic who appreciate it at all. 
There are, however, certain qualities of 
a fine piece of mathematics which permit 
description in terms familiar to any one. 
For example, there is, to mention first 
a less important point, the evidence of 
mastery of technique. There is the 
artistic quality of condensation or con- 
centration of significance. This is a 
familiar enough quality in all recognized 
art forms. The clearest illustration, 
perhaps, comes from poetry, where one 
beautiful line often contains as much as 
a whole prose essay. Similarly, mathe- 
matics, using as a containing vessel for 
the thought a powerful notation, distills 
off the lighter vapors of minor signifi- 
cance, and obtains a residue which is 
largely unencumbered by non-essentials. 
An inner simplicity is a characteristic 
of much art and of much good mathe- 
matics — not, to be sure, mere lazy sim- 
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plicity that results from considering only 
a simple situation, but the successful 
simplicity that is hardly won. Further- 
more, great mathematics, like any great 
art, has an implication beyond the ob- 
vious. It grows on one in importance 
and significance as he ponders over it. 
Illustrations of this, in mathematics, are 
almost too well known to deserve men- 
tion. The non-Euclidean geometry and 
the absolute differential calculus of one 
generation is used in the relativity 
theory of the next. The theory of 
groups, long viewed as one of the most 
abstract theories of pure mathematics, 
now turns out to be fundamental in 
atomic theories. The quality, however, 
of mathematics which seems of greatest 
artistic significance is its universality. 
It has been noted above that one of 
the distinguishing features of modem 
mathematics is the lack of definition and 
consequent generality of the elements of 
the theory. There is, to be sure, art 
which refers to the particular; but that 
which adequately treats of the universal 
is, ipsa facto, art. 

Any one who has experienced the 
esthetic thrill which mathematics can 
induce realizes the inadequacy of these 
statements. He knows that mathematics 
not only has beauty, but that it is a pure 
beauty of relation and structure, con- 
densed and unified in its expression, 
unsuspectedly rich in its implications 
and universal in its significance. He 
knows that the mathematician is that 
emancipated sculptor who deals in form 
freed of substance. 

Thus there is good reason to believe 
that mathematics is an art, and that the 
creative imagination plays a dominant 
rdle in the development of that ait4 It 
remains to see the extent to which 
physics has become mathematical. In 
the first place, physics is a preeminently 
quantitative science, having concern 
only for that which is measurable. It is 
thus evident at once that mathematics is 


germane to all the legitimate considera- 
tions of any physical theory. The aim 
of physics is to ‘‘explain^' the measure- 
ments which result from experiment. 
The theoretical physics which explains 
the experimental result is nothing more 
or less than a body of mathematical doc- 
trine to which is added, as an essential 
part, a physical interpretation of the 
abstract terms of the theory, this inter- 
pretation arising from an identification 
of certain concepts of the theory with 
certain measurable physical entities. 
When once a physicist has identified 
concepts of a pure mathematical theory 
with ceilain physical entities, he then 
has a right to ask, ‘ ' Is this mathematico- 
physical theory true or is it not ? * * That 
is, do the actual measurements of the 
physical entities satisfy the relations of 
the theory t A physicist, therefore, is 
precisely a man who, by particularizing 
and materializing the elements of a 
mathematical theory, earns the right to 
ask that previously forbidden question, 
‘4s it truer^ 

The role which mathematics has 
played in physics has been, in consider- 
able measure, governed by the views 
that have been held, at various times, 
concerning the subtle process by means 
of which a theory explains the phe- 
nomena it concerns. Physical theories 
seem to explain facts in two chief ways, 
by analogy and by simplification. To 
illustrate these two types of explanation, 
consider the familiar example of the 
kinetic theory of gases. A gas, it is 
found, exerts a pressure on the walls of 
a containing vessel which is the same as 
would be the average force of bombard- 
ment due to a vast horde of tiny, per- 
fectly elastic spheres buffeting their 
ways about in the vessel. This fur- 
nishes a mental picture to have before 
us, and when we further discover that 
many of the macroscopic properties of 
the gas are ‘‘explainable’’ on the basis 
of applying the familiar laws of d3mam- 





elartio spheres, w« 
#11; ki a satisfying theory 

;j!pTOi^ does indeed "e^lain” the facts. 

this theory probably 
; partly by analogy and partly 
irintpliflcation. To the extent to 
Irbioh one believes that he now under- 
■tands the pressure due to a gas because 
he previously understood the mechanics 
of perfectly elastic collision, to this ex- 
tent the theory explains by analogy. To 
the extent, however, that one feels the 
real value of this theory to be the corre- 
lating of surprisingly diverse phe- 
nomena on the basis of comparatively 
meager assumption, to that extent the 
theory explains by simplification. To 
consider one more example, eleetro- 
dynamieal theory as formulate in the 
Mfucwell field equations was probably 
viewed by Maxwell himself to explain 
largely by analogy, since he laid great 
store by the mechanical models which 
aided him in developing the theory. At 
the present time, however, we judge this 
theory to explain almost solely by sim- 
plification. There is neither time nor 
to argue here that explanations by 
analogy are losing popularity, and that 
there is a fast-growing tendency to re- 
gard with actual distrust the suggestions 
that come from the use of niodels. The 
mathematician will realise at once that 
explanation by^ analogy bears a close 
relation to the structure of Oreek mathe- 


dynamics '.ik 
concepts' which, 
and falsely faWlmr, 
emerge from eleetro4ynamioai iitetky. 
Explanation by simplifieaticHiu on #a 
other hand, is quite in tkC spizit of mod- 
ern maUiematies. It is not ulti^m^ 
explanation, to be sure, but we ntWiiae 
that to be as impossible as liltinnte 
proof. 

Physics, then, is but applied mathe- 
matics. It differs enormoudy from 
mathematics as regards the actual activ- 
ity of its followers, but it differs from 
mathematics, in logical structure, in 
only two regards. Certain elements of 
the theory are identified with measur- 
able entities, and the theory thus be- 
comes one which may, on the test of 
experiment, prove to be false or true. 
There are two ways in which one oan 
test Ihe truth of a physical theory. OiM 
can subject its end conclusions to experi- 
mental verification ; or one may test 
whether or not physical entities exist 
which actually satisfy the relations 
assumed as postulates in the mathemati- 
cal theory. If the latter test can Im 
made and if it suceeed, then the whole ' 
mathematUml theory dndously become^ 
at one stroke, a true physical theory. If 
only the more remote theorems of the 
theory can be tested expeiimcntally, 
then the situation is leas definite. Om ' 


matics, in that it expresses stew and 
complex facts in terms of the familiar 
and the supposedly self-evident. It is 
dear that such explanations are but 
postponements of that evil day of reck- 
oning when some skeptic will question 
further. One of the most unfortunate 
aspects of the model theories of pfaysles, 
moreover, arises from the chnmologieai 
fact that the old and henee familiar etm- 
oepta of physics, in particular, the con- 
cepts of mechanics, are not, from our 
preeent pdnt of vW, fundamental eon^/ 
cepta. One finds those who Jtill wttaanpt 


can not, in generd, then claim that the 
postulates are neoessarfiy ^'true*' id 0 
physical sense. Ik fact, the situation 
may be even more vague than this. The , 
identification wkh meaintrable entii^eii < 
may not refer to all or any of the pdmlti 
t^ve elemente of the theory, but kailkb 
to ecmstructi ooeurilng in the dowe^^ 
ment of the theory, I (kmO^ 
primitive elements. !)%A 
of'.’the'fikeory' mey ^then'be^trko/nki^ 

^onr,bdttf;,able 
-tetimitadon wh«tMievkr:|0';.^ 
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the actual structure of iinijortant mod- 
ern physical theories. One can appre- 
ciate the new tendency if he compares 
the atomic theories of ten or fifteen 
years ago witli })jesent atomic theories. 
The familiar theory developed largely 
by Eutherford and Bohr described the 
motions and interactions of a nucleus 
sun and various planetary electrons. 
One had a definite picture of an atom, 
and believed tlmt his model exhibited so 
satisfactory and detailed a correlation 
with experiment that one was justified 
in concluding that atoms were actually 
constructed after the pattern of the 
model. The modern quantum theory of 
the atom, however, is quite a different 
sort of affair. It starts, as formulated 
by Dirac, with abstiact vanables called 
“states” and “observables” which sat- 
isfy certain assumed postulates. An 
algebra of these variables is then devel- 
oped, and, near tlie end of the work, a 
d(»eoding process is introduced so that 
equations in these abstract variables 
may be formally translated into state- 
ments concerning the result of certain 
experimental measurements. To ask, in 
this theory, what the inside of an atom 
looks like or to ask concerning the path 
of an electron inside a]i atom are mean- 
ingless and silly questions. One has 
simply constructed a formal mathemati- 
cal theoiy, which, at some stage in its 
development, is decoded into ydiysical 
language and is thus made susceptible of 
experimental test. The important mat- 
ter, from our present i)oint of view, is 
that this decoding does not take place at 
tlie beginning of the theory. It is thus 
not possible to test directly wdiethor oi- 
not the postulates are experiinentally 
satisfied ; nor is it possible to give phyfii- 
cal meaning to the abstract variables 
with which the theory began. 

If one is, then, to construct a physical 
theory by const meting a mathematical 
theory and adding to it a decoding or 
interpretative appendix, and if this 
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physical interpretation is to occur so far 
along in the theory that one can not ask, 
“Are the postulates physically true?” 
nor can he even ask, “What is the physi- 
cal interpretation of tlie terms in which 
the postulates are phrust^d?” — if this be 
the plan of a modern ])]iysieal theory, 
then where, one may ask, is one to get 
the postulates with wliich one has to 
begin? In the earlier stages of physics 
one felt himself guided, in the choice of 
his original assum[)tions, by his previous 
experience in \hv laboratory and by his 
so-called physical inluitioii, just as the 
early mathematicians felt themselves 
guided by tbeir judgments of the self- 
evident. The modenn i)hysicist has no 
such hold on so-called reality. He has 
grown to feel that nalure is a very shy 
nymph who conceals from us mortals 
her personal charms, only allowing us 
the privilege of describing some of her 
more remote manifestations. Mr. J. W. 
N. Sullivan, in his charming essay called 
“('(allio, or The Tyranny of Science,” 
says: “All that depends on the structure 
of reality belongs to physics, including 
other universes than ours. All that 
depends upon tlie substance of reality 
forever lies outside physics.” 

The upshot of the matter, then, is that 
modem physicists live in a world of 
their own making: and in the making of 
it they have been so little guided by the 
jaist that, almost as completely as is the 
case with pure mathematicians, it has 
been their creative imaginative faculties 
wdiich have been most called into play. 
Mo<lem science, like modern mathe- 
matics, is no materialistic Juggernaut; 
it is a creative and imaginative art. 

If one is liirnself convinced that 
mathematics and physics are imagina- 
tive arts, he may finally wish to ask 
whether or not they have been so rccog- 
nizc'd by other artists. The answer 
comes, in beautiful form, from a sonnet 
of Edna St. Vincent Millay. She is 
speaking of geometry, a subject which, 
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JBfty yesLYU ago, we would unhesitatinglj 
have called niathematica, but which we 
BOW recognize to be mathematics only 
providing one is talking about so-called 
points, lines, planes, etc., but which we 
recognize to be physics if one is talking 
about points made by pencils, linea 
drawn on paper, etc. Indeed, we not 
only recognize geometry to be physics, 
but we have learned from Einstein that 
it is one of the most significant branches 
of physics. It is satisfying, then, to 
have the answer of the poetess refer to 
a subject which so admirably illustrates 
the arguments made above, and to have 


her poem, in its every detilil, ap com- 
pletely in accord with the modem 
philosophy of mathematics and acienoe: 

Euclid alone has looked ou Beauty Imro. 

Let all who pi-ate of Beauty hold their peace, . 
And lay them prone upon the earth and cease 
To ponder on themselves, the while they stare 
At nothing, intricately drawn uotvhero 
In shapes of shifting lincago; let geese 
Grabble and hiss, but heroes seek release 
From dusty bondage into luminous air. 

O blinding hour, O holy, terrible day, 

When first die shaft into his vision shone 
Of light anatomized I Euclid alone 
Has looked on Beauty bare. Fortunate they 
Who, though once only and then but far away, 
Have hoard her massive sandal set on stone. 



HOW THE LAUGHING GULL, THE FEATHERED 
BUCCANEER OF FLORIDA WATERS, 

GETS ITS DINNER 

By Dr. E. W. GUDGER 

BIBUOORAPHBE ANK A8BOCIATB IN ICHTHVOI/OOT, AMEHICAN MUBKUM OF NATUBAI- urSTOBY 

Swinging southwest and west from used formerly to “haul out’’ there in 
the tip of the mainland of the Florida great numbera to lay their eggs id the 
peninsula at Jewfish Creek, the great sand. Two miles east of Loggerhead is 
submarine Florida plateau, with its Garden Key, covered over with the ruins 
bii-d-populated keys and its fish-inhab- of an old brick-built stronghold, Fort 
ited reefs, ends abruptly in the archi- Jcflfei'son, so named for Jefferson Pavis, 
pelago of the Tortugas. In the 107 miles under whom as secretary of war it was 
of this distance from Jewfish Station on begun in 1847. South of Garden Key is 
Key Largo to Key West, the keys are so Bird Key, a bird sanctuary with a 
close together and the intervening water guardian warden during the breeding 
so shallow that the Florida Bast Coast season when it is literally covered with 
Railroad has built an extension over and birds, their eggs and young, 
between them to that city. But in the Sea birds abound here and may be 
seventy miles from Key West to Logger- seen perched on every available resting 
head Key, the breaks are too wide and place, on buoys, channel stakes, old 
the water too deep for man to bridge, wrecks — everywhere that they can 
And on these outer keys the little- secure .a footing. But although these are 
disturbed wild life remains almost as it the “Turtle Islands” (they were named 
was sixty years ago. Tortugas in 1521) I have never wit- 

The Tortugas (Islands of the Turtles) nessed the interesting sight which Zaiie 
consist of seven small, treeless islets, Gfrey tells us in one of his books that he 
composed of coral rock and sand heaped saw in the Bay of Tehuantepec. He 
up by waves and winds, which with their says that “About noon, when the sun 
surrounding reefs enclose a laigoon of was hottest, we began to see birds stand- 
forty or fifty square milCs area, shallow ing on the backs of turtles [sleeping at 
for the most part but with intersecting the surface of the water]. . . . Terns 
channels of deep water. They are the and gulls and one booby taade of these 
last far-fiung remnant of the Florida oval ^en backs a resting place. ” How- 
Keys, the Ultipia 'Hiule, the “ jumping- .ever, I can go Pr. William Beebf one 
off place,” the land’si end of the. better, although he saw in his ManSSk of- 

Beef, an^ beyond is nothing but “blue the Tortoises (the Galapagos) “a noddy 
water” until one iretuihes the Mexiena thm alight on the head of a pelican, 
coast one thousand miles awhy. wHhaot eliciting any protest.” 

Here in this «hs(dtltely ia(^Li^ ,ig^ Tlorida^ including the Tortugas, be- 
was my good foitime le spend (nun- Ira H was finally 

metn at Ihh' Maanne, Blifitigie^ d eeded to the United States in 1^1. Up < 

toiy . of v GkrBe^e time end even later pinwsy stus 

.^etndy^ '.fihhet- " '$he.':'ijidit' 'r:iHe^ and'btto<»nMt^ng''yety. '.ni'mdt 'the. 
'Oi!etot!yvB';:'laeat^''W:'Isi8g^^ - '':£Beiii.on m'^uH'^yihhean .isama, ;1!%ie 

/.Tortugas, :e(inntlii|^ ^ 
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—AlUr Holder, 1892 

Fio. 1. The liAuoHiNf; oull having alighted 

ON THE HEAD OF THE I'KLICAN AWAITS HIS 
CHANCE TO STEAL THE FISH FROM THE LATTER 
HEAR. 

Florida, the entrance to or if you so 
please the exit from the Gulf of Mexico, 
was an admirable location for a lair of 
the buccaneers. Moreover, having three 
deep water channels penetrating the 
lagoon, it could not be successfully 
blockaded. Hence for a long time it was 
a most desirable rendezvous for the 
pirates of the Gulf. And later still it 
was headquarters for the wreckers who 
plied their nefarious trade along the 
western keys. And about the same time 
it was a transshipping point for Mexi- 
can and Central American gufl-runners, 
as J. Fenimore Cooper has written in his 
novel ‘'Jock Tier/' Now although buc- 
caneers of the genus Hanw have long 
since departed, those of the genus Larus 
still abound, and ply their nefarious 
trade brazenly and unchecked — as will 
now be shown. 

In front of the sally-port of deserted 
Fort Jefferson on Garden Key, and sepa- 
rated from it by a deep channel, is Long 
Key, composed of white coral sand. This 
extends northeast and curves east to 
where a shallow channel nearly dry at 


low tide separates it from Bush Key, 
now composed only of dead coral heaped 
up by the waves, which in turn swings 
southeast and south. On these keys 
lived and nested many laughing or 
black-headed gulls (Larus atriciUa), and 
in the shallow lagoon partly enclosed by 
those keys, some brown pelicans (PeU- 
conns fuscus) generally could be seen 
floating idly on the surface with their 
bills resting on their breasts, their eyes 
closed and their long necks curved until 
their heads rested on their backs, or 
sedately pursuing their prosaic task of 
catching fish. 

Here one day toward the close of the 
season of 1914, while watching the 
sharks in the lagoon, I saw a laughing 
gull light squarely and securely on the 
head of a somnolent pelican. The peli- 
can, thus rudely awakened, automati- 
cally arose in lumbering flight, the gull 
hovering closely around him, but seeing 
beneath him a fish swimming near the 
surface he dove down and seized it with 
his hooked bill. Floating on the surface, 
the pelican lifted his head and stretched 
out its neck and bill to get the fish in 



Fig. 2. When the pelican lifts his beak 

AND STRAlGUlTlNfi HIS NECK TO SWALLOW THE 
FISH, THE GULL ADROITLY SEIZES THE FREY AND 
FLIES A\^AY WITH DERISIVE HA HA 
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modified from Balandi iSit 


FiCi. 3. Laughing gulls teasing a srown pelican and alighting on its head to rob it of 

THE LUfTLI T1SHK8 WITH WHICH ITS POUCH IS FILLED. FIGURE DRAWN TO ILLUSTRATE THE SCENE 

IN Key West Harbor seen by Audubon in 163?. 
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position to swallow head first — to pre- 
vent any casualties from its spiny fins 
catching in his throat — when the saucy 
gull again alighted on his head, readied 
around, deftly seized the fish and flew 
away with it amid a chorus of dcTisiye 
ha-ha’s from its fellows. This interesting 
thing liappened several times that after- 
noon while I, immensely ideased, 
thought that T had witnessed a thing in 
bird beliavior absolutely unknown to 
scientific men. But sad to say, 1 had no 
camera to secure a record of it, and un- 
foi’tunately I never saw it again in the 
sliort time before leaving Tortugas. 

But alas! “There is no new thing 
under the sun,“ as Ecch'siastes the 
Preacher well says. For, a few weeks 
later, when on my way noi'th, I visited 
friends at Cocoanut Grove, Florida 
(n(‘ar Miami), who lent me a copy of 
Dr. Charles F. Holder’s charming book 
“Along tlie Florida Reef. From 1859 
to 1869 Holder’s father, Dr. J. B. 
Holder (latei* a curator in the American 
Museum), resided at FotI Jefferson, 
whih‘ engaged in the study of the growth 
of corals. For nearly two }^ears lie also 
served as surgeon to the troops there, 
diaries F. Holder spent most of these 
ten years here, and accumulated a vast 
lore of sea things which he later put into 
many interesting books. Among other 
things, he witnessed an identical per- 
foi'inance hy the birds in this identical 
lagoon. 

Holder first described this ii^tcrcstiiig 
incident in one of a series of delightful 
j)ai)ers bearing the general title ^ * Among 
the Florida Keys” in St, Nicholas Maga- 
zine for 1889.“ These articles were later 
expanded into the book above named, 
and from it will now be set forth his own 
vivid account of what he saw illustrated 
by copies of his own pictures: 

1 New York, 1802. 

“0*1 P»go 781, VoL 1(J, are this account and 
figures. 


Tho old birds [pelicans] wore hard at work, 
diving for fish in the lagoon. The boys watched 
one, which was near them, with no little curi- 
osity. It would flutter an instant over its prey, 
then plunge down and with open, dip-net bill 
resting on the water, would adjust the catch in 
its capacious pouch beneath. Tn one of those 
expeditions a gull, with trained and eager eye, 
hovering near, settled down upon tho pelican ’s 
broad head, and as the fish was tossed about, 
preparatory to swallowing it, the thievish gull 
adroitly snapped it up and sailed away with a 
derisive “Ha, hn!“ while the pelican, as if 
accustomed to this sort of pocket -picking, 
flapped heavily up again to renew its^ search 
for food. 

Years later J learned that Iloldt'r in 
liis turn was not the first to see this in- 
teresting method by which the laughing 
gull i)rocures its dinner. That great 
naturalist, John James Audubon, saw 
the same thing in 1832 and describes it 
in his “Birds of America.” In his ac- 
eouut of the brown pelican,'* Audubon 
says of it that “it acts unwittingly as a 
sort of purveyor to the Gulls,” and that 
when it has caught a mimbor of small 
fishes and is endeavoring to swallow 
them “the Gull at that instant alights on 
tho bill of the Pelican, or on its head, 
and seizes the fry” which the pelican 
thinks ho has safely impirisoned for his 
dinner. In his account of the laughing 
gulp he relates that on May 10, 1832, the 
revenue cutter Marion furled her sails in 
the harbor at Key West and that “the 
Gulls laughed whilst our anchors were 
swuftly descending towards the marvel- 
ous productions of the deep.” He then 
goes on : 

They I tlie laughing gulla] w'ere all buaily en- 
gaged on wing, hovering here and there around 
the Brown Pelicana, intent on watching their 
plunges into the water, and all claniorouflly 
toaning their best bonof actors. As with broadly 
extended pouch and lower mandible, the Pelican 
went down heatUong, so gracefully followed the 
gay rosy-breasted Gull, which, on the brown 
bird^s emerging, alighted nimbly on its very 
head, and with a gentlo stoop instantly snatched 

a “Birds of America, “ Vol. 7: 35. New 
York and Philadelphia, 1S44. 

*P. 141. ' 
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fi'oni the mouth of its purveyor the glittering 
fry that moment entrapped! . . . Tho sight of 
th(‘se manoeuvres rendered me almost frantic 
with delight. At times several Gulls would at- 
tempt to alight on the head of the snine Pelican, 
but finding this impossible, they would at once 
sustain themselves around it, and snatch every 
morsel tliat escaped from the pouch of the great 
bird. Ho very dexterous were some of the (iulls 
at this sport, that 1 have actually seen them 
catch a littl(‘ fish as it leaped from the yet par- 
tially open bill of the Pelican. 

Thu acuompatjyiiig figure, wliiuh very 
nu(‘urntuly portra>'.s tlie sueiie, is copied 


fix)m E. A. Ealand’s Animal Ingenuity 
of To-day, in which book he quotes the 
incident without adding anything to it. 
On looking at the figure and visualizing 
the scene, one can readily understand 
that Audubon was ‘'frantic with de- 
light’' when he fir-st saw this charming 
performance. That was certainly my 
feeling that day in June, 1914, when I 
in my turn saw “Plow the Laughing 
Gull Gets its Dinner. ” 

^ Loudon, 1921. 



THE USEFULNESS OF THE USELESS 


By Dr. CHAS. N. GOULD 

J>1RECT0R, OKLAHOMA GEOLOairAL SURVEY 


Last week I found among the routine 
correspondence on my desk a letter from 
a friend inquiring if I knew of a young 
man whom he might employ as an as- 
sisfant. This friend is the geologist for 
a small oil company operating in Okla- 
homa, and is engaged in general scouting 
for new oil fields. Among his other 
duties, he watches the various oil wells 
that are being drilled by his own com- 
pany as well as by other companies in 
the region in which his company oper- 
ates. 

One sentence in his letter of inquiry 
struck me very forcibly. The young 
man whom he wished to employ must 
be able to identify microfoasils, and 
must also be able to make heavy-mineral 
determinations — this in addition to gen- 
eral training in structural and strati- 
graphical geology and in the use of the 
plane table and telescopic alidade. He 
should also be versed in subsurface 
methods of correlation and know some- 
thing of geophysical instruments. 

Pity the Poor Student 

When one comes to think of it this 
is a rather large order for a young chap 
just out of college. But it is not an 
unusual demand. The young geologist 
who to-day graduates from any one of 
a score of schools of geology or petro- 
leum engineering in the United States 
is supposed to have at his fingers' ends 
these various requirements. He must 
have sufficient training in engineering 
to use the alidade and plane table, and 
must be well enough acquainted with 
physics and higher mathematics to have 
at least an elementary knowledge of the 
magnetometer, torsion balance, seismo- 
graph and other geophysical instru- 


ments. He must know not only mega- 
scopic fossils, but microscopic forms as 
well, and this knowledge naturally pre- 
supposes some knowledge of zoology. 
He must understand the principles of 
stratigraphy and sedimentation, and 
have fairly good training in mineralogy 
and in igneous petrography. 

The Place of Igneous Petroguaphy 

Ten years ago who would have thought 
that these somewhat diverse and more 
or less abstruse sciences would to-day 
have a practical application in this 
work-a-day world 1 Who could have 
imagined that such things as igneous 
petrography or the identification of 
sand grains under the microscope would 
be of commercial importance in one of 
the great industries of the world? Who 
could have had the temerity to suspect 
that the identification of tiny fossils 
under the microscope in the laboratory 
of the geologist would determine the 
matter of the expenditure of tens of 
thousands or hundreds of thousands of 
dollars in the drilling of deep wells in 
the search for oil? Yet these things are 
to-day part of the ordinary routine of 
many oil companies. 

Ten years ago the men in the United 
States who were trained in petrography 
were rather few. The subject was sup- 
posed to have no particular commercial 
importance, and for that reason rela- 
tively few men concerned themselves 
with it. It was then one of the so-called 
‘^cultural" studies, something like Greek 
or psychology or higher mathematics. 
Students who came to school and fol- 
lowed the ordinary custom of browsing 
around among the different departments 
sometimes happened to drop into geol- 
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— Oklahoma Oeoloffioal Survey 

HEAVY MINERALS IN SIMPSON SANDSTONE, WILCOX BAND 
From the Akrucklk Mountains, containing about 75 per cent, tourmaline and 25 per cent. 
mcoN. The crystals are labeled T and Z respectivf.ly. 


ogy, and in tlie natural course of events 
took mineralogy, and later, with no par- 
ticular reason for so doing, wandered 
into classes in petrography. Very few 
of them, relatively speaking, really 
became interested in the subject, but 
the great majority took it just as they 
took all other subjects, because it was 
scheduled in the catalog and would pro- 
duce credit which counted toward grad- 
uation and a diploma. Something like 
the medicine which the old-time doctor 
used to give, which was labeled, ^*Qood 
for what ails you. Shake well before 
using. 

But the possibility of putting to any 
practical use the information gained by 
studying sand grains and rocks un^er 
the microscope was far from the 
thoughts of those who studied these sub- 
jects. A few really enjoyed the science 
and became teachers in colleges, and so 
passed the science on, inflicting it on 
other students. A few practical men 
^gaged in mining engineering or 
kindred professions Oocasionally used 


the subject. Some of these men, both 
engineers and college professors, wrote 
for technical journals and magazines. 
But no one would for a moment have 
classified the subject of igneous petrog- 
raphy among the popular, or so-called 
useful, sciences. It was not a “bread- 
and-butter’" subject. 

But all this has been changed, and 
almost over night. There is to-day a 
very urgent need for more students 
trained in petrography. And this need 
has burst upon us very suddenly. It 
was only a few years ago that the men 
connected with the scientific depart- 
ments of the larger oil companies began 
to use heavy-mineral determinations in 
the correlation of deep well logs. These 
men found that certain beds of sand- 
stone, especially those that were oil- 
producing under favorable structural 
conditions, possessed a rather definite 
mineral content. 

How TO Determine an Oil Sand 

If the drill m pounding its way down- 
ward encountered at a depth of 5,000 or 
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HEAV^ MINERAL8 IN SIMPSON SANDSTONE, WILWX SAND 
From the Aiimucklk Mountains, containing ahout 85 pkh cent, zircon and K) per cent. 
ANATASE AND SMALL AMOUNTS OF OTHER MINERALS. 


6,000 foot a certain ledge of sandstone 
which did not contain oil, it was often 
of exti’Oinc importance? to be able to tell 
W'h(*ther or not this particular sandstone 
w'as the same as the one which, in an- 
otlier well of similar depth a few miles 
away, contained large amejunts of oil. 
If this was the same ledge as the one 
which contained oil in the producing 
well, it would j)robal)ly be useless to 
s])eiid more money to drill deeper. If, 
however, the sands -were not^the same, 
and if the one just encountered lay at 
a higher level than the producing hori- 
zon, it would be the ])art of wisdom to 
drill deeper. The well had already cost 
a large amount of money, perhaps 
$70,000, possibly $100,000. It then be- 
came a very vital problem to determine 
by any known method whether or not 
the sand at the bottom of the hole was 
the one which in other areas produced 
oil, or w’hether it was some other sand. 

Heavy-Minerad Determination 
The chief way, and in many eases the 
only way yet discovered, in which this 


matter can ho determined is by the 
microscopic examination of the sand 
grains. Experience ha.s shown that cer- 
tain sandstone.s contain rather definite 
proportions of certain minerals. Some 
of these minerals are easy to d(*tect, 
others are not. The so-called heavy 
minerals, such as tourmaline, zircon, 
rutile, and the minerals composed of iron 
such as magnetite, hematite and pyrite, 
are usually easy to distingni.sh, and it 
i.s these that often form the basis for 
comparison and determination. It is no 
unusual occurrence, after a certain ledge 
of sandstone has been encountered, for 
drilling operations to stop, machinery 
to stand idle and Avorkmen to loaf on 
the job while a sand sample from the 
bottom of a 5,0()0-foot well is .sent hun- 
dreds of miles to the laboratory where 
the petrographer makes his tests. The 
question as to whether or not another 
$10,000 or $20,000 shall be spent in the 
deep hole, in addition to the $75,000 or 
$100,000 already expended, frequently 
rests upon the determination of the 
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particular type of sand grains under the 
microscope. 

The Geologist's Clock 

And so with the studies of microfos- 
sils. Fossils are the geologist's clock, 
the method by which he determines 
geologic time. Studies by many men in 
many lands for the last hundred years 
have shown that no two formations con- 
tain identically the same fossils. In the 
older stratified rocks, those of early 
Paleozoic age, certain rather primitive 
forms occur. As one comes higher and 
higher in the geologic section, the type 
of fossils changes, and there is shown a 
gradual, slow, but very determinable 
development of fossil forms from the 
older to the younger rocks. 

This story is told of dames Hall, the 
vet(‘ran state geologist of New York 
many years ago. Dr. Hall stated that 
he was willing for any one to blindfold 
him, take him to any part of the state, 
turn liim loose and permit him to find a 
fossil, claiming to be able to tell, if not 
tJie exact county, at least the general 
part of the state in which he was located. 
So with the trained paleontologist of 
to-day. You may throw into a tray 
fifty fossils selected at random from dif- 
ferent geological horizons and from all 
])arts of the world, and this paleontolo- 
gist will be able to pick out the particu- 
lar fossils from the various geological 
ages. True he probably will not be able 
to tell whether a certain Ordovician 
fossil came from Wales, from New York 
or from Missouri^ or whether a certain 
Pennsylvanian fo.ssil came from the coal 
fields of England, the coal fields of Penn- 
sylvania or the coal fields of Oklahoma, 
but he can tell without question that the 
one fossil is Ordovician and the other 
Pennsylvanian. 

Geologists have found this underlying 
principle of much value in identifying 
formations. The drill in penetrating 
downward passes through various ledges 


of rock, sometimes shale, sometimes 
limestone, sometimes sandstone. Many 
of these ledges, particularly the lime- 
stones and shales, contain large numbers 
of fossils. The fossils from the ledge at 
the bottom of the well will never be quite 
the same as those found in formations at 
the top of the well. This is especially 
true when the well passes through rocks 
of several different geological ages. So 
the oil man has found that the geologist 
by identifying these fossils is often able 
to determine the geological formation 
in which the drill is working, and, as in 
the case of heavy minerals, he will often 
he able to tell whether or not it is worth 
while to penetrate deeper in searching 
for a particular oil sand. 

M1CHOFO8SILS 

The difficulty is that tlie drill in 
})oundiiig its way downward breaks U|), 
maKh(‘S and destroys m6st of the largcT 
fossils. 8ueh forms as trilobites, corals, 
shells and most other fossils largo 
enougli to he seen with the naked eye 
are often so broken and macerated that 
their fragments can not be determined. 
Occasionally a recognizable fragment 
will come out of a drill hole, and very 
rarely an almost com])lete fossil may be 
obtained which will give tln^ geologist a 
cine, but as a general rule the larger or 
megascopic fossils are so broken as to be 
unreliable as a means of determination. 

This fact has given a great impetus 
to the science of micropaieontology. It 
has been found that most shales and 
many limestones contain great numbers 
of very minute fossil forms, those that 
are often too small to be seen with the 
naked eye. At the same time, it has been 
discovered that these microforms are 
diagnostic, that is to say, they are valu- 
able for the determination of different 
strata. These little fellows are the forms 
that arc now being used by the paleon- 
tologist in determining the identity of 
deep-lying formations. 
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SOME MICROSCOPIC FOSSILS 

The PUOTotJKAPiis snow several types of minute forms of life, the illustrations being 

GREATLY KNLJVRGEl). (THK TWO ILLUSTRATIONS ARB FROM * * FORAMINIFBRA, THEIR CLASSIFICA- 
TION AND Economic Use/’ by Joseph A. Cushmann.) 



Shales and fragments of limestones 
from the bottom of the well are sent to 
the laboratory, and this material is 
washed, sieved, dried and studied under 
the high-powered microscope, and the 
results obtained are used to determine 
the particular geological formation in 
which the drill is working. As in the 
case of heavy minerals, it often happens 
that operations at the well will be sus- 
pended for several days while the cut* 


tings from the bottom of the hole are 
sent to the laboratory to give the micro- 
paleontologist an opportunity to pass 
upon them. 

Ten years ago there were perhaps not 
more than a half dozen men in the 
United States who gave any particular 
attention to micropaleontology. As in 
the case of igneous petrography, the 
subject had no commercial appeal. 

There was no eating in it.'' The few 
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SOME MICROSCOPIC FOSSILS 


men who studied microfossils were gen- 
erally considered pedants or mild sorts 
of cranks, whose labors served no use- 
ful purpose. They were devotees of 
‘‘pure” science, using the term “pure” 
to mean something which had no par-^ 
ticular utilitarian purpose. 

What Does the Oil Man Want? 

To-day the condition is very different 
When the oil man once found that the 
paleontologist by a study of these minute 
forms could actually aid him in “put- 


ting oil into the tank” he at once became 
an advocate of micropaleontology. 

Not that the oil man knows what it is 
all about. Par otherwise. The ordinary 
petroleum executive has no love for 
science as such, and has no burning 
desire to promote scientific research. 
What he wants is to strike a gusher 
formation and get the oil out of the 
ground and into his own tanks before 
the other fellow has a chance at it. But 
he has leaimed that the micropaleontolo- 
gist as well as the petrographer in his 
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determinations of heavy minerals has 
something which will often help him to 
put oil into the tank. Therefore, for 
that reason and for no other, he is strong 
for scientific work, which he by no means 
understands, as long as it can lielp find 
the oil. 

“Pure” Science on the Boom 

All of this means that these two 
sciences, petrogra})hy and micropaleon- 
lology, are now “on the boom,” in many 
universities. Young men and women 
have learned where these subjects are 
well taught and to-day the men who 
teach them well are overwhelmed with 
students. In some of our American 
universities the departments of geology 
and paleontology are to-day over- 
crowded, ajid, on account of inadequate 
teaching personnel and insuflficient labo- 
ralory facilities, are turning away stu- 
dents who de.sire to enter. 

In the case of micropaleontology, until 
within the last few months there never 
has been a suitable text-book on the sub- 
ject, and to-day the science is in an 
unformed state because the various 
workers have not yet been able to record 
in type and in figures the many new^ 
forms that are being discovered. A new 
publication, the Journal of Paleontology ^ 
and various paleontological reports pub- 
lished by geological surveys and maga- 
zines are now busy recording the many 
new genera and species that are being 
discovered by the workers in this field. 
During the next decade the science 


should have opiiortunity to crystallize, 
and the nomenclature to become fairly 
well established. 

Making Useful the UselEvSS 
One might unduly enlarge this article 
to include other of the various new 
methods being used to discover supplies 
of petroleum, but these two examples 
of petrography and inicropaleontology 
must suffice. The use of the telescojiic 
alidade and plane table for making con- 
tour majis might well be discussed. Or 
something might be added regarding the 
training of young men in the use of 
geophysical method.s or the work now 
going forward in various states for 
M^orking out geothermal gradients by 
taking deep-well temperatures. The 
ceramics method of burning clays and 
observing their colloidal qualities and 
the analyses of subsurface brines might 
be described. All these 'methods and 
others not known a decade ago are now 
being used in the petroleum industry. 
Other methods are only to-day pee])ing 
over the horizon. Just how far they 
will be found to be practical no one 
knows. However, those of us who have 
watched the development of the indus- 
try for a quarter of a century believe 
that as the years come and go these and 
other new methods will continue to be 
developed and improvements made in 
the search for and recovery of oil, and 
that many things now considered useless 
by the man on the street will be found 
to be useful. 



SIR HUMPHRY DAVY 

By Professor BENJAMIN HARROW 

rou-EOE or the city or new york 


The contenary of the death of Sir 
Humphry Davy has recently been ob- 
sen’ed. At this time it might not be 
amiss to i*ecount some of the activities 
of one of England's greatest chemists. 

Davy’s fanie rests upon a number of 
outstanding contributions: the physio- 
logical properties of laughing gas; the 
application of electricity to chemistry, 
with the consequent isolation of the al- 
kali metals; a more exact knowledge of 


the halogens and the halogen acids, and, 
standing quite apart from any of his re- 
, searches, the safety lamp. Davy was a 
brilliant experimenter, bold and quick 
in execution, somewhat hasty in his con- 
clusions and not very much of a specu- 
lator. We owe no far-reaching theory 
to his genius, but we are indebted to 
him for opening up a new branch of 
chemistry. For this electrochemistry 
which he was the first to cultivate has 
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since his day broadened sufficiently so 
that we have, on the one hand, theories 
of chemical action intimately related to 
electricity, and, on the other hand, many 
applications of electricity in the chemi- 
cal industries. 

Davy’s talents remind one of another 
countryman of his, Sir William Ram- 
say. Both were geniuses in the labora- 
tory; both worked rapidly; both were 
not always painstaking, but rather quick 
in execution and sometimes hasty in de- 
duction. Compared with their brilliant 
qualities as experimentalists, the theo- 
retical background of both was weak. 
Neither is the author of any profound 
theory. Both belong to the ^‘dashing** 
variety of scientist — to what Ostwald 
calls the ‘‘romantic” type. 

Davy was born in Penzance, England, 
in 1778. Like many chemists of English 
stock, his early training seems to have 
been anything but systematic. At a 
somewhat later age he was apprenticed 
to a local apothecary and here he picked 
up much miscellaneous information. 
But what, of course, really counted was 
that the gods had endowed Davy with 
what we call genius; and the genius was 
of the chemical variety ; and the apothe- 
cary ’s “shop” was w’here this genius 
could find some play. He read Lavoi- 
sier’s ‘‘Elementary Chemistry” and he 
began experimenting with the primitive 
tools available to him. Then came the 
opportunity which allowed this genius 
to blossom. In Bristol there was a 
‘‘Pneumatic Institute” which had for its 
object the investigation of the medicinal 
effects of various “gases.” “Gases” 
were fashionable ever since Priestley and 
others had discovered them; and people 
began to wonder whether the physiologi- 
cal effects of such gases might not be of 
some value; hence arose the Bristol In- 
stitute. But the more important event 
was that Davy, at the age of twenty, 
was offered a position in this institute. 

Davy had scarcely established himself 
in Bristd when he began bis experi- 


mental work on “gases.” One of these, 
“diminished nitrous air,” Avas first pre- 
pared by Berthollet in 1785 by heating 
ammonium nitrate; and now Davy in- 
vestigated its properties. Among other 
things, he inhaled the gas and found 
that it was not only non-toxic but acted 
much like a stimulant, arousing pleasur- 
able feelings. Southey, the j)oet, whose 
acquaintance be had made, also inhaled 
some of the gas, and he wrote: “When 
I took the bag from my mouth, I im- 
mediately laughed. The laugh was in- 
voluntary, but highly pleasurable, ac- 
companied by a thrill all through me, 
and a tingling in my toes and fingers, a 
sensation perfectly new and delightful.” 
Experiences such as Southey’s suggested 
the name “laughing gas,” though the 
chemists of our day call it “nitrous 
oxide.” But Davy made the important 
observation that inhaling nitrous oxide 
deadens pain; and he described this 
property in connection with a bad tooth- 
ache, the pain of which “almost dimin- 
ished after the first four or five inspira- 
tions.” We must also thank Davy for a 
very careful chemical analysis of nitrous 
oxide, which he accomplished by burn- 
ing charcoal in the gas, measuring the 
nitrogen that was left after combustion 
and calculating the oxygen from the 
carbon dioxide produced. If our sys- 
tem of atomic weights and our modern 
nomenclature were used, Davy’s analy- 
sis would lead to the formula N.^O for 
nitrous oxide; which is, as a matter of 
fact, the accepted formula for the gas. 

Davy’s work attracted the attention 
of Count Rumford, who had recently 
laid aside his own notable researches in 
physics to found the Royal Institution 
in London. Rumford offered the post 
of chemical lecturer to Davy at the new 
institution. Davy accepted. Within 
twelve , years Davy became the most 
celebrated chemist in England, and 
the Royal Institution became known 
wherever science flourished. It is this 
same institution that Faraday, Dewar 
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and Bragg have worked since the time 
of Davy. 

It was in 1790 that Volta produced an 
electric current by means of the voltaic 
pile, and it was some eleven years later 
that Nicholson and Carlisle decomposed 
water by means of the electric current. 
Davy was very much impressed with the 
possibilities of the electric current. He 
had an intuition that the application of 
electricity to chemistry would yield 
valuable information as to the chemical 
make-up of bodies. With this in mind, 
he built himself a battery containing 
24 plates of copper and zinc 12 inches 
square, 100 plates of 6 inches, and 150 
of 4 inches square, charged with solu- 
tions of alum and nitric acid**; and he 
immediately attacked the problem of 
the nature of the caustic alkalis. 

In a very general way, the alkalis 
were looked upon as elementary sub- 
stances, though there were some vague 
questionings on this point. Davy had 
his doubts, together with others, and he 
hoped that his battery might be of some 
service in settling the question. He first 
passed the current through a solution 
of potash ; in this experiment he merely 
succeeded in decomposing the water 
without affecting the potash. He next 
used fused potash and was more success- 
ful, particularly when he used the elec- 
tricity as a heating agent (to fuse the 
potash) as well as for the purposes of 
decomposition. 

A small piece of pure potash was placed upon 
an insulated disk of platina, connected with the 
negative side of the battery, and a platina wire, 
communicating with the positive side, was 
brought in contact with the upper surface of 
the alkali. The potash began to fuse at both 
its points of electrisation. There was a violent 
effervescence at the upper surface ; at the lower 
there was no liberation of elastic fluid; but 
■mall globules having a high metallic luster, and 
being precisely similar in visible characters to 
quicksilver, appeared, some of which burnt with 
explosion and bright flame, as soon as they were 
formed, and others remained, and were merely 


tarnished, and Anally covered by a white film 
which formed on their surfaces. 

Not only did Davy, in this manner, 
show that caustic potash was a com- 
pound, and that an element, potassium, 
could be isolated from it, but he showed 
that what was true of caustic potash was 
likewise true of caustic soda; that the 
latter, like the former, was a compound, 
and that by means of the electric cur- 
rent an element, sodium, could be iso- 
lated from it. This work was, in turn, 
followed by an exhaustive examination 
of the alkaline earths and by the ulti- 
mate isolation of the elements barium, 
calcium and strontium. 

Davy was now in the full bloom of 
intellectual vigor. No sooner was he 
through with the alkalies and the alka- 
line earths than he turned his attention 
to another puzzling problem of the 
times : the elementary nature of chlorine. 
Ever since Scheele *b discovery of the gas 
there had been doubts as to whether 
chlorine was an element or a compound, 
and the weight of opinion seems to have 
been in favor of regarding the gas as a 
compound. Berthollet, for example, 
regarded chlorine as an oxygen com- 
pound ; and even Gay-Lussac looked 
upon the gas as an oxide of an imagi- 
nary metal. Davy *8 powerful voltaic 
battery and the success he had had in 
using it to determine the elementary 
nature of substances suggested to him 
that the battery might be applied to 
elucidating the nature of chlorine. All 
attempts to decompose chlorine failed. 
Even when acted upon by charcoal 
heated to whiteness by the voltaic bat- 
tery, no decomposition took place, sug- 
gesting that the persistent belief that 
chlorine contained oxygen had no 
foundation in fact. After many experi- 
1 For this quotation, as well as for a number 
of others, I have to thank Professor T. M. 
Lowry, who, in his book Historical Introduc- 
tion to Ohemistry*' (Macmillan), has made an 
exhaustive study of original material. 
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ments Davy was led to the conclusion 
that 

the body improperly called oxymuriatic acid haa 
not yet been decompounded; it ia a peculiar 
Bubatance, elementary as far as our knowledge 
goes, and analogous in many of its properties 
to oxygen gas. It has been judged most proper 
to suggest a name founded upon one of its 
obvious and characteristic properties — its color 
— and to call it ^ ^ chlorine. 

Davy also busied himself with two 
other halogens : iodone and fluorine. 
Iodine was discovered by Courtois in 
1811 and its properties were very care- 
fully investigated by Gay-Lussac and 
Davy. Again making use of his battery, 
Davy assured himself that iodine could 
not be decomposed. ^'In its specific 
gravity, luster and color, it resembles 
the metals ; but in all its chemical 
agencies it is more analogous to oxygen 
and chlorine. He, indeed, proposed 
the name ‘'iodine'^ for it. While fluo- 
rine was not isolated until much later — 
in 1886, by Moissan — Davy did recog- 
nize that both fluorspar and hydrofluoric 
acid contained such an element, and he 
even attempted to isolate it by passing 
an electric current through hydrofluoric 
acid — a modification of which method 
was successfully used by Moissan. 

Davy was now — in 1812, when thirty- 
four years old — at the very height of 
his fame. He was easily the most 
famous, and, incidentally, the most pop- 
ular chemist in England; and, with the 
exception of Berzelius, probably the 
most talked about chemist in all Europe. 
In this year he was knighted and within 


three days of his knighthood he married 
a rich widow. From now on Davy be- 
comes Sir Humphry Davy, rich and 
prominent socially ; and from now on he 
becomes less and less active, scientifi- 
cally. He undertakes a tour of Europe 
on the grand scale. He meets Gay- 
Lussac, Berthollct, Cuvier, Humboldt 
and Volta. He is accompanied by a 
young man who sometimes acts as his 
secretary and sometimes is made to do 
the work of valet, particularly when 
Lady Davy is around. This young man 
had received an appointment as assis- 
tant to Davy at the Koyal Institution, 
and his name is Michael Faraday. 
Davy returns to England, delivers popu- 
lar lectures at the Royal Institution, 
works a little in the laboratory, but not 
so very much, writes a little, but not so 
very much, meets all the lords and 
ladies of the realm and all the literary 
gentlemen of the kingdom, and eventu- 
ally succeeds Joseph Banks as president 
of the Royal Society. But in the mean- 
time he has invented one thing for which 
the miner will forever bless him — the 
Davy safety lamp. And in the mean- 
time his health, never particularly 
robust, has taken a turn for the worst. 
He takes frequent trips to Europe, usu- 
ally alone, because, it would seem, his 
wife brought him money rather than 
happiness. In 1829, in the course of 
one of these European trips undertaken 
primarily to improve his health, he 
arrives in Geneva, and never leaves the 
place again. There Davy died in the 
same year, and there he was buried. 
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In view of the fact that language is so 
fundamental in human affairs, it pro- 
vokes much less attention than might be 
anticipated. We are surrounded by a 
medium of culture of which language 
is the vehicle as fish are surrounded by 
air or land animals by the atmosphere, 
and yet the vast majority of human be- 
ings are quite as unaware of this contigu- 
ous stratum as animals are of that which 
impinges upon them. After a type of 
animal developed which had sense, men- 
tality enough to turn round upon its en- 
vironment, inspect it, draw inferences 
about it, great interest was taken in its 
study and important results therefrom 
ensued. 

Just how language sprang into exis- 
tence no one knows exactly, but there is 
an abundance of theories concerning it. 
There is considerable agreement that 
close to the beginning of human life 
pantomime played a large role and was 
the chief mode of passing on information. 
Hunters, warriors and adventurers came 
back full of their exploits and had to 
give expression to them in some way. 
To-day a man turns loose a barrage of 
words and relieves himself of the tension. 
Then, in default of words, he had to 
gesticulate, imitate his former actions, 
represent by attitudes and postures, de- 
scribe situations by means of graphic 
movements. It is supposed that in the 
excitement of this portrayal grunts and 
cries which may have accompanied the 
original activities were expressed. Prob- 
ably a part of the mimicry of the situa- 
tion one was trying to depict consisted of 
the imitation of sounds by vocal expres- 
sions. Ultimately the various kinds of 
sounds came to have a somewhat definite 


meaning and could be used apart from 
pantomime as signs of meaning. And 
after ideas could be communicated by 
sounds and descriptions given, these ut- 
terances would undergo a development. 
They would differentiate, grow in num- 
ber, become more definite and so come to 
be an oral tongue or language. With 
the evolution of human society through 
savagery, barbarism and civilization 
words multiplied, syntax and grammar 
emerged, writing and printing came to 
crystallize forms of speech and embalm 
them in human memory. Travel and 
trade greatly augmented the number of 
terms and when science developed a still 
greater extension of words and terms 
took place. 

Some one has given rise to a theory 
of language which is a reverberation of 
that early period of human life when 
physical effort was such a pronounced 
and vital part of carrying on communica- 
tion. It centers on the idea that lan- 
guage is primarily oral with us, that it 
is vocal, made up of sounds produced by 
the manipulation of the vocal organs. 
We can not produce sounds without mak- 
ing an effort to work our organs of 
speech in just the right way. As a con- 
sequence of the effort we make to talk, 
we have a lively memory of the attitudes, 
adjustments, and movements of the vocal 
organs we experience in talking. So it 
comes about that our memory of words 
is largely a memory of the physical ad- 
justments and efforts accompanying talk- 
ing and that when we are listening to 
some one talking we are trying all the 
time to reproduce the muscular adjust- 
ments of vocal organs necessary to pro- 
duce the words we hear. And beyond 
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this, we are intently scanning the facial 
movements of the speaker and interpret- 
ing the muscular activities rather than 
the sounds registered in our ears. 

Human beings are enveloped by a 
medium on which they are dependent for 
getting a living and adjusting themselves 
to others. This is culture or the cultural 
surplus. This culture is not the aca- 
demic stuff, that infinitesimal portion of 
all extant knowledge which college boys 
and girls get during their few years so- 
journ in academic halls and are told rep- 
resents the sine qua non of existence. It 
is the totality of all the ideas, inventions, 
plans, ways of doing things, customs, 
manners, codes, institutions, sciences, arts 
and whatever men ’s minds have brought 
into existence during the whole course of 
social evolution that have continued as 
a part of the social environment. This 
cultural surplus, beginning as a tiny 
trickle hundreds of thousands of years 
ago in the nascent society of eolithic 
man, becoming a sluggish brook among 
paleolithic men, a small river with neo- 
lithic men, has incremented more and 
more rapidly during later culture epochs 
and with torrential rapidity during the 
last century until to-day it envelops all 
civilized individuals in sea-like embrace. 
It ought to go without saying that what 
we call civilization is the culture surplus 
in its highest and most recent reaches 
and that were the culture increments of 
the last few centuries exscinded, higher 
civilization would be removed and such 
civilized life would be impossible. 

Since this cultural surplus is so tre- 
mendously important, its control or use 
must be, of course, quite as important. 
In fact, it is by the employment of this 
culture in multitudes of ways that the 
work of the world gets done and the sat- 
isfactions and joys of life get accom- 
plished. It is significant to realize that 
the avenue of access to this culture and 
the central, fundamental agency for its 
manipulation are unobtrusive and im- 
material symbols: words, vocabularies. 


As culture grows, the number of words 
multiply accordingly. Mr. Karl Voghto 
estimates we have added 250,000 to our 
language since 1900.^ The extent of our 
knowledge of words is a measure of the 
degree of our participation in the civili- 
zation of our age. The proof of this is 
of a very evident sort. If we think and 
know in symbols and only by the use of 
symbols, and if all the symbols we em- 
ploy are words, either heard or seen, then 
we can have a knowledge of civilization 
and its accomplishmehts and undertak- 
ings only to the extent that we command 
a knowledge of the words and symbols 
by means of which the culture of our age 
is represented. Knowledge is the avenue 
to an understanding of the universe at 
large and of the human, social world with 
which we are most intimately associated. 
The child or the man who commands 
slight knowledge can have only the 
vaguest adumbration of the significance 
of either. Individual intelligences grad- 
uate upward from that point through 
larger and larger ranges of knowledge 
until the most gifted or cultured minds 
are reached — the minds which have a 
fairly adequate comprehension of our 
social and material worlds. But so far 
as we know, the only depositories our 
minds have for knowledge are words and 
symbols in the form pf words. 

The extent of one ^s vocabulary and the 
accuracy of the estimate made of it are 
both dependent upon the validity of the 
method employed in making the count. 
In consideration of this fact, it may be 
well to devote some attention to the 
question of methods. 

Probably the oldest method is that 
which builds an opinion concerning the 
number of words a given person knows 
on counting the different words con- 
tained in his writings. Following this 
device, the students of Shakespeare’s 
works have assigned a vocabulary of 
twenty-four thousand words to that 

i Popular Seienos Moathlp, January, 1929, 
page iS. 
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famous writer and those of Milton 
works have found that the blind bard 
made use of seventeen thousand words. 
The numerous writers of the English 
Bible all together had to content them- 
selves with handling only seven thousand 
two hundred words. But they lived in 
very primitive times for the most part 
and we could not use our standards of 
judgment on them. However, in the 
case of all publicists, it is to be remem- 
bered that the number of words they 
know is undoubtedly very much greater 
than they use in their writings ; and that 
even the number of words they are 
capable of using is much more extensive 
than that appearing in their published 
works. It is interesting to note that 
some one has made a reckoning — how 
good a one it is impossible to say — that 
the late President Wilson knew over 
seventy-two thousand words. This esti- 
mate was made on the basis of the ad- 
dresses and papers he produced during 
the war together with his earlier pub- 
lished works. And as we shall see later, 
the estimate of this large number is prob- 
ably not only not exaggerated but is en- 
tirely too conservative. It is likely that 
Woodrow Wilson knew twice that num- 
ber. 

There have also been attempts, largely 
in the nature of pure guesses, to judge 
the extent of vocabularies of the rank 
and file of people. There are statements 
to the effect that Italian grand opera 
singers employ only about six hundred 
words, that the words used by many 
peasants number still fewer, being only 
three or four hundred, and that the 
vocabulary of persons above the aver- 
age contains not more than three 
thousand or four thousand words. We 
must regard these as only rough and en- 
tirely inadequate guesses, for it is cer- 
tain that primitive peoples who live in a 
much lower stage of culture than grand 
opera singers and peasants have consid- 
erably larger vocabularies. 

A knowledge of the extent of vocabu- 
laries of primitive people throws a good 


deal of light on the subject under dis- 
cussion. It furnishes a background on 
which to form a judgment concerning the 
capacities of peoples a great deal more 
advanced. If the daily spoken language 
of a savage folk is a matter of ten 
thousand words, what should be that of 
an enlightened people, and more espe- 
cially that of those persons placed at the 
summit of the highest cultural attain- 
ment? We certainly should expect a 
developmental expansion of considerable 
moment. 

There have been many dictionaries of 
primitive peoples compiled by missiona- 
ries and philologists. It is, therefore, 
quite within our power to make an esti- 
mate of the number of words in their 
lexicons. In these primitive vocabula- 
ries there are few or no dead and obsolete 
words, for, in nearly all cases, there was 
no written language and all the words 
the investigators collected were those 
which were in current use by the living 
men and women making up the groups. 
The chances, therefore, are that most of 
the adults of the group were in command 
of the bulk of the words constituting the 
vocabulary. According to Kroeber, the 
following are the number of words con- 
tained in the vocabularies of some primi- 
tive peoples : the Aztec Nahuatl, 27,000 ; 
the Central American Maya, 20,000 ; the 
Plains Dakota, 19,000 ; the African Zulu, 
17,000; the Navaho of our Southwest, 
11,000; the Klamath of our Northwest, 
7,000. The range of culture of these 
groups is from upper barbarism to upper 
savagery. If the vocabulary of savages 
ranges from seven to nineteen thousand 
words and that of barbarians ranges still 
higher, what should be the extent of the 
vocabulary of the average civilized or en- 
lightened Frenchman, German or En- 
glishman? Undoubtedly it must be a 
multiple of the other. 

There have been formulated in recent 
years certain standardized modes of esti- 
mating the number of words in any given 
person’s vocabulary. One of these is the 
Terman test, which was devised in the 
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following fashion. From a dictionary 
containing eighteen thousand words, 
which are supposed to be the most com- 
mon ones, was made up a list of one hun- 
dred words selected by taking the last 
word of every sixth column of the dic- 
tionary. This method of selection would 
prevent the operation of bias or pre- 
judgment. Now the one who wants to 
test his vocabulary selects from the hun- 
dred words those which he can fairly 
well define. The resulting number is 
multiplied by 180. Did one know all the 
hundred words, his resulting vocabulary 
would be eighteen thousand. Did he 
only know one half of the hundred, his 
vocabulary would be nine thousand 
words. Upon applying the standard test 
to himself, the present writer found he 
has a vocabulary of 16,833 words. This 
is between one seventh and one eighth 
the number obtained by the method to be 
described later in this article. 

According to the results obtained from 
the application of this test to a large 
number of persons, some average or gen- 
eral conclusions were obtained. A per- 
son eight years of age knows 3,600 words, 
one of ten knows 5,400, one of twelve 
knows 7,200, one of fourteen knows 
9,000, the average adult knows 11,700, 
and the superior person knows 13,500. 
Using the test on college students, it was 
found that male students know the fol- 
lowing number of words: Freshmen, 
9,240; sophomores, 10,860; juniors, 13,- 
040; seniors, 12,700. The vocabularies 
of female college students according to 
the same order of classes are: 8,860; 
9,325 ; 10,130, and 10,700. 

The general method of random or arbi- 
trary sampling of the phenomena to be 
measured employed here in the selection 
of the basic list of one hundred words is 
scientifically correct. It is the method 
commonly used by scientific statisticians 
in their study of phenomena of every 
kind. A sample that is large enough and 
arbitrarily chosen is found to be an ac- 
curate representation of the whole realm 


of phenomena of which it is a part. 
Nevertheless, we are inclined to regard 
the Terman test as coming short of the 
results which such a test should attain. 
It probably understates the extent of the 
vocabularies of the persons to whom it 
is applied. It seems likely that the dic- 
tionary of eighteen thousand words is 
much too restricted and that conse- 
quently the multiple applied to the 
known words is not nearly large enough. 
Were the same method of sampling ap- 
plied to an unabridged dictionary and 
a multiple applied which was adjusted 
to the size of the lexicon, the results 
would unquestionably be much more 
competent. 

It should be clear by this time that 
one estimated vocabulary is largely the 
outcome of the kind of method used in 
making the estimate and of the limita- 
tions imposed in the use of the method. 
Thus there are several bases for making 
an estimate which, if employed, would 
yield widely different results or sizes of 
vocabulary. There are: the ability to 
define words, the ability to use words 
irrespective of the ability to define thetii, 
knowing words for reading but not for 
speaking or writing purposes. The re- 
sulting vocabularies will vary in size in 
the order of the bases named. 

The extent of the dictionary employed 
in formulating the standard or in mak- 
ing the test should be suflBciently exten- 
sive to provide for the inclusion of two 
very essential items: first, the technical 
vocabularies of professional persons, like 
doctors, lawyers, chemists, engineers ; 
second, of business men, such as mer- 
chants, manufacturers and managers. 
A professional man or a technician has 
a knowledge of thousands of technical 
terms used in his calling in addition to 
the usual vocabulary of educated per- 
sons. As a sample of this I find that 
the manager of a Woolworth store in a 
city of twenty thousand inhabitants must 
know and have at his tongue’s end the 
name of all the five thousand articles 
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contained in the store. Many of these 
articles are, of course, common articles 
which every one would know. But a 
well-equipped practitioner possesses a 
store of many thousands of technical 
scientific terms which are unknown to 
the laity. Second, it should include, 
also, the words built up on the founda- 
tion of certain basic words by a process 
of compounding through the use of 
prefixes and suflSxes. Such words usu- 
ally do not appear at the left margin in 
the columns of unabridged dictionaries, 
or at the foot of the column; conse- 
quently they are liable to escape inclu- 
sion in samples and so are not allowed 
for in multiples. Thus from the word 
abolish are built nine other words by the 
addition of suffixes. From the word 
accent are derived ten additional words. 
Accept gives rise to six and access to 
seventeen. Then by the use of prefixes 
twenty other words are added to the 
fifty-four so far derived from the four 
original words, altogether a total of 
seventy-four words. One gets the force 
of this method of multiplying words 
relatively to the size of one ’s vocabulary 
by supposing that the person in question 
knows five thousand words of the basic 
sort from which it is possible to build 
up other words. The average number 
of words built from the four words cited 
above was eighteen. Multiplying 5,000 
by 18 yields a total of 90,000, the en- 
largement to the number of words the 
individual pretty certainly knows be- 
cause he knows the foundational ones. 
This is a purely suppositious case, and 
instead of five thousand we might need 
to substitute four thousand, three thou- 
sand, or some other number. It cer- 
tainly would not do to multiply one’s 
entire vocabulary by such a multiple as 
18 because much of the vocabulary is 
made of proper names, historical, geo- 
graphical, and personal, which are not 
generally subject to taking on prefixes 
and suibes. 


It has been apparent to the writer of 
this article that there is a great surpise 
in store for any one who will make an 
elaborate and painstaking investigation 
of the extent of his own vocabulary, 
using as the basis of such test one of the 
great unabridged dictionaries of the 
English language. If he has hitherto 
looked up to Shakespeare as the consum- 
mate master of the language in all the 
phases and regarded himself as a mere 
pigmy in his knowledge of words when 
compared with the score and a quarter 
thousands Shakespeare is said to have 
made use of, his pride in himself will 
swell enormously after he has completed 
the self -investigation. Not that it will 
be demonstrated that he can utilize a 
greater number of words in writing or 
speaking than that great master of 
drama, but only that he really has a 
knowledge of a very much greater num- 
ber of terms than the former is known 
to have employed in his written produc- 
tions. The short description of some re- 
sults the present writer has obtained in 
this field will give a semblance of ve- 
racity to these statements. 

The statements I have read concerning 
the extent of vocabularies known or 
used by humans served to make me quite 
curious concerning the exactitude of the 
results and methods used to obtain them. 
Many of the estimates seemed to be no 
better than mere guesses and the results 
secured by some very good tests ap- 
peared to fall short of those which might 
have been attained had other methods 
been employed. Consequently I under- 
took to make a test of the extent of my 
own vocabulary, that is, of the number 
of words I can fairly claim to have some 
considerable knowledge of. 

The dictionary employed in making 
the test is the Standard unabridged of 
1922. This lexicon contains 2,737 pages, 
each page contaixdng three columns of 
words. The words of these coluoms ap- 
pear in two different situations: those 
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heavy type words set even with one an- 
other at the left margin; and non-mar- 
ginal words, such as synthetic and com- 
pound words, and many proper names, 
phrases, etc. One kind of synthetic 
words is built out of such more elemen- 
tal words as accent, abolish and the like 
by annexing prefixes or suffixes. An- 
other kind is made by compounding some 
marginal word with other words. 

The first estimate concerned the mar- 
ginal words. It was conceived that if 
enough columns to fill fifty-two pages, 
or an average of two pages for each of 
the twenty-six letters of the alphabet, 
were examined, a sample sufficiently 
large would be obtained to be represen- 
tative of all the columns of the lexicon. 
However, it seemed more scientific to se- 
lect columns under each letter in the 
proportion each such letter’s number of 
columns bears to the total number of 
columns. This gave to such letters as x 
and z only a part of a column and to 
such as c, sixteen, and to s, seventeen 
columns ; but no letter was assigned less 
than one column. The particular col- 
umns to be employed under each letter 
were chosen by the hit-and-miss plan in 
order to secure purely arbitrary and 
random sampling, thus obviating per- 
sonal bias. Then the words about which 
I knew much or considerable were 
marked, the total number of words in 
the column were counted, and the results 
were tabulated column by column until 
the total 159 columns had been covered. 
The total number of words counted was 
4,019, the number known was 1,150, 
28.66 per cent. It was estimated from 
the average number of words per column 
counted that the dictionary contains 
about 209,000 marginal words. It was 
assumed that if one knows 28.66 per 
cent, of the large sample of over four 
thousand words, he will know the same 
proportion of the 209,000 words. In this 
oas.e the number of marginal words 
known was 69,800. 


Since a full explanation has been made 
of the method used to secure an estimate 
of the proportion of known marginal 
words contained in the dictionary col- 
umns, it will be sufficient to state that 
the same general method was followed 
in securing an estimate of the known 
words of all the non-marginal terms. 
The editors of the Standard indicate 
that the particular edition used to make 
the test contains 450,000 words. Wo 
noted that the total number of marginal 
words amounted to about 209,000. This 
would leave about 241,000 of the non- 
marginal kind. The percentage of 
words of this kind which were known 
was found to be 28.2, or almost the same 
as the proportion of the marginal sort. 
Applying this percentage to 241,000 
yields the total number of this kind of 
words that are known, which was 68,000. 
And now totaling the two estimates, 
59,800 and 68,000, we have a grand total 
of 127,800 words known. 

In consideration of the other estimates 
that have been made in the past, this 
number seems enormous. Some may be 
inclined to discredit the estimate alto- 
gether. Before doing this, however, let 
the reader observe two cautions: First, 
take the time to give the method used 
here a fair test by applying it to him- 
self. It is likely that then he will be 
satisfied that this estimate may not be 
far wrong. Second, then consider that 
a large number, probably far the larger 
number, of known words are forms or 
derivatives of more elemental words. 
Think of circum in combination with a 
lot of other elementary words whose root 
meanings are known, resulting in cir- 
oumvent, circumscribe, circumambulate, 
circumlocution, etc., etc» Then recall 
such a word as accent and what derives 
from it : accent, accentuation, accentual, 
accentualist, accentually, aocentuality, 
accentuate, accentuable, accentuation, 
accentus. It is pretty certain that if one 
knows accent about all the other forms 
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of that word are known. And what is 
tme of these forms of words is also true 
of compound words and of phrases. 

So far, I have been able to induce only 
two persons to apply this test to them- 
selves. It requires much time and per- 
sistence, so that few have the requisite 
scientific curiosity to carry it out. But 
fortunately, two of my very mature stu- 
dents, graduate men in their thirties, 
have made estimates. One used a Prac- 
tical Standard Dictionary containing 
140,000 words. He selected two pages 
under each letter of the alphabet by the 
hit-and-miss plan for counting purposes. 
He found he knew 2,055 of the 4,368 
words contained in the fifty-two pages 
employed, or 47 per cent. This yielded 
a total of 65,800 words out of the 
140,000. Had he employed an un- 
abridged dictionary, the number he knew 
might have been considerably swelled. 

The other student made use of an 
unabridged Standard dictionary of 
2,757 pages. He considered both mar- 
ginal and non-marginal contents. His 


estimate of known words in the entire 
dictionary was 52,489. . 

It is noted that the vocabularies of the 
students are only about half as large as 
the vocabulary of the first estimate. 
Perhaps this difference may not appear 
as evidence of the incompetency of the 
method when it is known that the one 
who made the first estimate has been a 
student during a rather mature life-time 
and has a command of languages the 
others do not possess. But one must 
expect variations even in the estimates 
made by those of about the same degree 
of culture because of the fact that there 
is no absolute criterion of the degree of 
knowledge which is to be applied in se- 
lecting the words which are to be con- 
sidered as known. Two persons might 
have the same knowledge concerning a 
given word and one would class it among 
his known words and the other among 
his unknown words. This is a difficulty 
which it would be hard to overcome. 
Nevertheless, it is probably not a very 
important diflSculty. 



TROPICAL MEDICINE* 

By Professor ALFRED C. REED 

UNIVKHSITT or OALirORNIA 

Just what is tropical medicine? Why City of Hind, one sees these hordes^ 
should people in these United States men, women and little children, bathing, 
be interested in such a thing and espe- drinking, immersing themselves and 
cially what does it have to do with Cali- taking carefully home to their own vil- 
fornia and the Pacific Coast and the lages earthenware vessels of the sacred 
Pacific Ocean? To answer these ques- water. Then the scientific Westerner 
tions is to bring up one of the most looks closer at the sacred water itself 
romantic and interesting fields of hu- and sees dead dogs, cats and rats floating 
man activity which has found a place ' in it. He sees a vilely dirty, sluggish 
in modern life. Medicine means more river receiving the sewage and garbage 
than giving drugs. In fact, drugs have of great cities ; the half -burned remnanta 
a rather small part in it. Medicine of the many funeral pyres on its banks ; 
means the prevention, cure and allevia- the effluvia of millions of diseased hu- 
tion of disease. The proof of the cor- mans, and its filthy flood he finds to be 
rectness of this definition is to be found a warm teeming culture medium trans- 
in Webster. And when we qualify this mitting disease in wholesale quantities 
by saying tropical medicine, we mean to these misguided but undoubtedly 
simply the prevention, cure and allevia- sincere worshipers. That is why cholera, 
tion of disease in warm climates. That plague and many another disease also 
is a subject big enough, important call the Ganges mother” and here is 
enough and withal sufficiently spiced found one of the world's sources of un- 
with human interest, romance and told disease, corruption and suffering, 
practical necessity to engage the atten- These Hindus do not believe in dis- 
tion of every person, no matter what his ease. They do not believe that anything 
creed, education or politics. All that in this world is material or other than 
makes for health preservation and pre- illusion and, as a result, they, their 
vention or cure of disease in hot climates children, their friends, neighbors and 
comes within the realm of tropical medi- all with whom they share their cherished 
cine. And then, when we remember earthenware vessels of sacred water 
that in California especially we have all from the Ganges go down to death from 
the essentials of a tropical climate and preventable, unnecessary diseases, which 
that many diseases ordinarily consid- Western science has largely eliminated 
ered tropical are found native to this by study of the natural history of the 
state, we can see that the subject of germs and parasites which cause these 
tropical medicine comes very near home, diseases, and by means of medically in- 

In India sacred Mother Ganges re- speoted milk and water supply. But 
ceives the devotion of untold millions of the religious beliefs of the populace are 
her dusky sons and daughters. They an insurmountable obstacle to doing^ 
come by the hundreds of thousands to such things in India except to a very 
bathe in her waters and worship at the limited degree. In fact, the British in 
thousands of temples bordering her India find themselves in somewhat the 
muddy shores. In Benares, the Holy position of the forty-niner who got the 

1 Prom the PaoUe inrtitate o* Troploal Medl- by the tail and dared not let 80. 

cine. Native anperstition, tradition, religioda 
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belief — all are deadly foes of sanitary 
improvement. Education comes slowly. 
The fight of tropical medicine to prevent 
preventable disease, to cure curable dis- 
ease and to alleviate all disease is waged 
against tremendous odds. This, to be 
sure, adds to the glory of the combat 
and leads the forces of science to offer 
many a sacrifice of brilliant men and de- 
voted women. But it also postpones the 
day when mankind shall profit by the 
knowledge now available making for 
better health, happier human lives and 
more eflScient industrial enterprise. 
These obstacles, of one kind or another, 
found in all tropical countries, arc ii 
constant lure to the adventurous, lend- 
ing glamour and romance accompanied 
by deadly peril to the work of tropical 
medicine in tropical climes. 

In the memory of our fathers, yellow 
fever was a terrible danger, invading 
the United States even as far north as 
Philadelphia and devastating the coun- 
try with death and ruin in its wake. 
Commerce stopped. Cities were ruined. 
The rich and the poor alike fied unsuc- 
cessfully from ‘‘YelloW Jack.’* Then, 
in 1900, came the epochal experiments 
of the Army Yellow Fever Commission 
in Cuba, supplying proof that ‘‘Yellow 
Jack” was carried from victim to 
victim in only one way — by the bite of 
certain species of mosquitoes. Dr. 
Carlos Finlay and a few others had sus- 
pected this for many years. Drs. 
Lazear, Carroll, Agramonte and Reed 
proved it beyond a cavil. They and the 
brave volunteers who submitted to in- 
fection were medical heroes and some 
became martyrs. Then the late Dr. 
Hideyo Noguchi after long experiments 
in South America believed that he found 
the exact germ which caused yellow 
fever. But last year Noguchi and three 
other physicians, working fearlessly in 
the tropical heat of Africa, found that 
the cause was not yet discovered and 
laid down their lives as the price for 


knowledge which now seems to open the 
way for the real conquest of “Yellow 
Jack.” For several years medical sani- 
tation and scientific mosquito control 
seem to have eradicated the disease 
from the Western world where its 
stronghold had before seemed impreg- 
nable. 

But in the last two years a great and 
unsuspected source of yellow fever has 
been found in West Africa, where sev- 
eral varieties of monkeys have been 
found to be susceptible, and it seems 
probable that a great animal reservoir 
exists from which the contagion spreads 
to man. The disease reappeared last 
year in Brazil, and a similar situation 
may also prove to obtain in South 
America. 

An instance of how an ancient and 
dangerous disease has deserted cold cli- 
mates and become truly a tropical dis- 
ease is seen in the case of leprosy. To- 
day leprosy is rampant across tropical 
Africa and is wide-spread in nearly 
every tropical country. Our knowledge 
of leprosy has advanced along two lines 
recently. First, effective treatment is 
possible, so that the active stages can be 
relieved and the disease arrested. This 
by allowing patients to be returned to 
their homes and occupations does away 
with the terrible hopelessness of leprosy. 
Second, leprosy is apparently a soil in- 
fection contracted through cuts and 
abrasions of the skin and, while many 
persons are infected, in the majoirity it 
lies dormant just as in the case of tuber- 
culosis. It is thus not contagious from 
man to man unless under very excep- 
tional circumstances. 

There are many great tropical dis- * 
eases which do not occur endemically in 
cooler climates but which from time to 
time may invade the United States or 
be carried over in patients from the in- 
fected regions. Eala-azar, the black 
fever of China and India, is one of 
these. It is caused by a miorosoopic 
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animal parasite which invades the blood 
and tissue cells. It is curable by proper 
treatment. It is carried from man to 
man by a species of sand-fly. A first 
cousin of this parasite causes Oriental 
Sore, so common in the Near East and 
around the Mediterranean. 

African sleeping sickness, which has 
no relation whatever to what is called 
sleeping sickness in the United States, is 
caused by a microscopic animal called a 
trypanosome which invades the blood 
stream and central nervous system. It 
has depopulated vast areas in central 
Africa and made it impossible for man 
or animal to live there. These are illus- 
trations of the enormous practical need 
of tropical medicine and its great im- 
portance to-day in warm climates. 

In the jungles and rice-fields of many 
lands insect life swarms in unbelievable 
abundance. Among these insects, as, for 
example, mosquitoes, biting flies, sand- 
flies and ticks, are to be found the car- 
riers and intermediate hosts of many 
dangerous maladies which are best com- 
bated by attacking these so-called vec- 
tors through sanitary engineering, pro- 
tected water and food supplies, insect 
quarantine and means of avoiding bites. 
In no other field of medicine are so 
many specific cures and effective treat- 
ments known as in tropical medicine. 

We in California are far from being 
isolated from tropical diseases. We vie 
with the Ganges, Turkestan, the Trans- 
Baikal and a spot in Africa in having 
a focus of bubonic plague in our ground 
squirrels. Human cases of plague have 
occurred in California each year since 
1908 which were due to this source of 
infection. Malaria is still a factor in 
public health in this fair state. Rooky 
Mountain spotted fever is found and 
also the plague-like rabbit disease called 
Tularemia, named after the Tulare 
swamps where it was first identified. 
We, have many of the numerous forms 
of fungus infections so common in the 


tropics. One of these, coccidioidal gran- 
uloma, is similar to tuberculosis and is 
more common in California than any- 
where else in the world. In the realm 
of intestinal parasites we are also well 
supplied. Amebic infections are common 
and many first cousins and relatives. 
Round worms, tapeworms, leaf-like 
worms, as well as hookworm, trichina 
of uncooked pork and even rare tropical 
filarial infections are often seen. Pel- 
lagra, scurvy, beriberi and sprue claim 
their victims. So that altogether Cali- 
fornia is a fair field in itself for the 
practice of tropical medicine. Its posi- 
tion as the western gateway to the 
Orient and the Pacific islands and its 
increasing commercial relations with 
Spanish America serve to increase the 
variety and abundance of exotic dis- 
eases already present. 

No disease that ever afflicted manlcind 
can exceed in its toll of death, suffering, 
invalidism and wrecked nations and civ- 
ilizations the ravages of malaria. This 
disease is still the major enemy in the 
tropics and entitled to be called the 
‘‘Captain of the Men of Death.*' Prom 
the mangrove swamps and paddy fields 
of the equatorial belt to our own south- 
ern states and west to California, ma- 
laria is a pestilence that walketh in 
darkness, borne by more than thirty 
kinds of anopheles mosquitoes. Greece 
and ancient Rome fell before its sway. 
Its cost in lives and money to-day is 
stupendous and the problem of its con- 
trol is far from solved. Sanitation has 
accomplished wonders in special locali- 
ties but alone is insufficient to meet the 
need. Sanitation and mosquito control 
are terrifically expensive, and the world 
needs nothing less than the complete 
eradication of malaria before warm cli- 
mates will be safe for human work and 
living. 

Dysenteries are caused by many dif- 
ferent agents, but the largest groups are 
due to the dysentery baoiUi and to 
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amebas. Both of these are frequent in 
the United States, and bacillary dysen- 
tery is often seen in children. Undu- 
lant fever was originally called Malta 
Fever because it was discovered in the 
Island of Malta, where it was caused by 
germs in the milk of infected goats. It 
is wide-spread now over the United 
States, especially on farms and in rural 
communities. Its germ is transmitted 
in goat’s milk to a minor degree, in cow’s 
milk and by hogs. Milk which has been 
pasteurized or which is produced in 
properly inspected dairies is safe. Un- 
dulant fever somewhat resembles ty- 
phoid and may persist in recurring 
waves for six months and even a year. 
Such diseases as infectious jaundice, rat- 
bite fever and relapsing fever appear 
from time to time in the United States. 

It is hardly realized that rabies (hy- 
drophobia) is wide-spread and dan- 
gerous in nearly all tropical countries. 
This is due to the fact that most native 
races see no sense in control or care of 
dogs, which consequently run wild and 
are usually diseased and half-starved. 
In Hindu and Buddhist countries espe- 
cially no dog may be killed, even though 
no one feeds or cares for it. Under 
these conditions dog-bite is common 
and human rabies is a frequent result. 
Nearly every large tropical city has its 
Pasteur Institute engaged in the manu- 
facture of the Pasteur treatment which 
prevents rabies. To these centers people 
come by the thousands from many miles 
around. Even in China rabies has been 
known since early historic times. The 
only means of prevention known after 
an infected bite is by the Pasteur treat- 
ment. These institutes also manufae^ 
ture anti-venins against snake-bite and 
various vaccines and protective sera. 
Their influence is wide-spread. The 
value of their ministrations is attested 
by the great demand on the part of 
native populations, who know all too 
W6ll the dangers of these diseases, from 


rabies to smallpox, and who really and 
pathetically appreciate the opportunity 
of avoiding them. 

Problems in untold numbers of dis- 
ease prevention and health preservation 
in the Orient and in hot climates are 
fascinating, practical, new and awaiting 
solution. Nowhere else do achievement 
and human service offer greater induce- 
ments than here. The scientist in nearly 
every line is concerned. The nurse, the 
laboratory technician, the builder, en- 
gineer, statesman, administrator, busi- 
ness man, missionary, soldier, sailor, 
traveler — each and every one has a vital 
stake in the struggle of tropical medi- 
cine to make hot climates safe for man 
and to make man safe to go into hot 
climates after their treasures of wealth, 
experience, science and travel. 

Man, doubtless, began his activities 
on the earth in regions corresponding in 
warmth to the present tropics. For two 
reasons he moved away from these lan- 
guorous lands. In the first place, the 
hardier, more roving and more intelli- 
gent of mankind were led, among other 
things by their curiosity, to seek cooler 
localities where, thanks to a tougher 
fiber, they survived. This more resis- 
tant, energetic and adaptive portion de- 
veloped under the stimulus of change- 
able climate and the need for securing 
food and shelter under more difficult 
conditions. In the second place, insects, 
poisonous animals, snakes, fungi, bac- 
teria, protozoa and a host of other 
enemies of man also developed in the 
warm moisture of the tropics and thus 
the mass of disease causes became rank 
and luxuriant so that man could not 
rise above them. All his racial energy 
was spent in trying to maintain mere 
existence, leaving none for intellectual 
and spiritual progress. But the contest 
was unequal and tropical man either 
died out, migrated or remained savage. 

To-day, recognizing this old historical 
record, man is faced by a population in 
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temperate climates beginning to ap- 
proach the limits of available food sup- 
ply. He needs more room for living 
purposes, more food, more power, more 
of the innumerable luxuries and neces- 
sities associated with culture and intel- 
lectual improvement. All these things 
may be had, one way or another, in the 
low altitudes of the tropical belt. 
Therefore, almost instinctively, we are 
turning to tropical enterprise and de- 
velopment, facing squarely the great 
problem as to how the tropics can be 
made safe for civilized man and de- 
veloped to produce what he needs for 
still further advancement. 

So true is this trend, so clear the need 
in the eyes of commerce and statecraft, 
that we find great institutes of tropical 
medicine established as centers for the 
education of physicians and nurses, for 
study of special problems of medical and 
commercial importance and for treat- 
ment of patients. Such is the splendid 
Tropical Institute of Hamburg, sup- 
ported by the German government. 
Here in this great, flourishing German 
port is a splendid tropical hospital, re- 
search plant and school for physicians. 
Such is the excellent and, in this coun- 
try, little-known Tropical Institute of 
Amsterdam supported by the Dutch 
government as a necessary adjunct for 
its great colonial empire in the East 
Indies. Such also the institutions in 
Paris, Brussels and Rome. 

England has four schools of tropical 
medicine. Of these the largest and best 
is in London, where twice a year a class 
of seventy-five physicians spends five 
months in the graduate study of tropical 
medicine and hygiene. Near the London 
school is the wonderful Wellcome Mu- 
seum of Tropical Medicine, a remark- 
able teaching exhibit which illustrates 
graphically with charts, photographs 
and specimens of its ravages, the cause, 
transfer, geography, symptoms and epi- 
demiology of each tropical disease. 


Such a museum is a splendid nucleus 
for the teaching of any science, espe- 
cially tropical medicine. London lives 
by the sea and its vast sailor population 
requires a series of hospitals in which 
all manner of tropical maladies are con- 
stantly seen. 

In the tropics are many splendid 
medical centers and hospitals. The 
United Fruit Company has an unex- 
celled system of hospitals in the ports 
of the Caribbean Sea. The Canal Zone 
and its excellent hospitals administered 
by the U. S. Army Medical Corps are 
well known. The Oswaldo Cruz Insti- 
tute for Medical Research is one of the 
outstanding features of Rio de Janeiro. 
Cairo with its hundred-year-old hospital 
of eight hundred beds is a noted center 
for wide-spread modern methods of dis- 
ease control. In addition to the clinical 
care of patients carried on in the medi- 
cal stations of the Hadassah movement 
throughout Palestine, the Hebrew Uni- 
versity of Jerusalem is turning out ex- 
cellent scientific studies. The best 
medical school in the Near East is at the 
American University of Beirut. 

Bagdad has an excellent hospital, re- 
search plant and Pasteur institute, and 
is opening a medical college. In India 
there are numerous centers of first-class 
medical work. The crown of them all, 
however, is the Calcutta School of Trop- 
ical Medicine, founded by Sir Leonard 
Rogers. This school is unexcelled in the 
world. It has an unusually able fac- 
ulty and a large tropical disease hos- 
pital. Its service to patients is very 
large. Twice a week some three hun- 
dred lepers come to the leper clinic 
alone where they are rapidly made non- 
infectious, so far as possible kept at 
regular employment, allowed to live 
with their families and are treated like 
human beings. 

Rangoon, Colombo, Singapore and 
Kuala Lumpur in Malaya are outstand- 
ing for their medical facilities and ser- 
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vice. Space allows only mention of the 
various centers in Australia and in Java. 
Manila has wonderful facilities and ma- 
terial, largely centered in the Bureau of 
Science and the University of the Philip- 
pines. The great Culion Leprosy Sta- 
tion is a monument to American medical 
science and is being made a memorial to 
General Leonard Wood. Two miUions 
of dollars are now being raised to make 
this station wholly adequate and to 
allow the fullest advances in treatment 
and prevention of this ancient enemy of 
man. No more worthy enterprise is 
before the American public to-day. 
Professor David P. Barrows, of the Uni- 
versity of California, is among the best- 
informed Americans to-day on Philip- 
pine and Pacific Ocean relations. His 
endorsement and leadership of the 
Leonard Wood Memorial Fund speaks 
for itself. 

Honolulu, with its modern and com- 
plete Queen ^s Hospital, has an excellent, 
though small, center for study of tropi- 
cal medicine. China, the future arbiter 
of the Pacific, has in Shanghai the medi- 
cal department of the Central National- 
ist University and in Peking the Rocke- 
feller-endowed Peking Union Medical 
College, both of which are leading in 
the great field of disease control in 
China. 

So we come back to the United States 
and find several universities on the east 
coast developing strong departments of 
tropical medicine, such as Harvard, 
Columbia and the Johns Hopkins. 
Tulane University in New Orleans de- 
votes much attention to this important 
subject. Everywhere commerce, busi- 
ness and government are recognizing^ 
that more and more mankind must live 
in close relation with, if not in, the 
tropics. 

Until recently there was no center on 
the Pacific Coast for this type of work. 
Now in the University of California 
there has been established the Pacific 


Institute of Tropical Medicine at the 
Hooper Foundation in San Francisco. 
This is in close association with the Uni- 
versity Medical College, but is a sep- 
arate graduate school. The Tropical In- 
stitute of the University of Califoniia is 
organized for three types of work. 

(1) Regular courses in tropical medi- 
cine and hygiene are given for physi- 
cians. Young doctors going out to 
commercial stations, government service 
or missionary work in the tropics or the 
Orient can here secure training in the 
specialized kind of problems they will 
have to face. Practicing physicians in 
those countries can here secure a com- 
plete and up-to-date review. (2) Re- 
search is carried on in connection with 
tropical diseases and hygiene, problems 
arising from shipping and passenger 
traffic, cargo spoilage and contagious 
diseases on shipboard. Special studies 
are being started on tropical drugs and 
in connection with tropical food sup- 
plies. (3) Facilities are provided for 
the diagnosis and treatment of patients 
suffering with any kind of tropical. 
Oriental or exotic disease. In addition 
to these features, classes are available 
for non-medical persons intending to 
live or travel in the tropics or the 
Orient. Here special instruction is 
given in simple language on health pres- 
ervation, personal hygiene and disease 
hazards in those places. 

The stories of Herman Melville, Cap- 
tain Cook's voyages and the works of 
Alfred Russell Wallace are literary 
classics which afford an insight into 
many practical problems of tropical 
medicine. It is no small job to avoid 
sickness in a ship's company, and when 
contagious disease appears on ship- 
board difficulties multiply. Yet, no sane 
person wants to travel on a ship where 
there is not adequate provision for 
proper handling of such emergencies. 
International and United States quar- 
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antine requirements must be met. 
These all have to do intimately with 
tropical medicine. 

Quarantine to-day is designed to 
operate with as little impediment as 
possible to commerce and passenger 
traflBc. By observance of definite scien- 
tific rules, delays are avoided and dis- 
ease is not introduced. The splendid 
national quarantine system of the 
United States, conducted by the federal 
Public Health Service, is responsible for 
the fact that in the past generation 
cholera and yellow fever have been un- 
known in this country. Smallpox, 


leprosy and plague are equally well ex- 
cluded, but unfortunately these diseases 
are already endemic in the United 
States. 

Enough has been said to give some 
idea of the scope and importance of 
tropical medicine to the world to-day 
and especially to the west coast of the 
United States. The preservation of 
health and the treatment and prevention 
of disease in hot climates hold a lure for 
the student, the physician and the scien- 
tific worker that is exceeded only by 
their practical importance for the aver- 
age citizen. 
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The expression of physical laws in 
differential form is one of the moat fun- 
damental features of theoretical physics, 
and a discussion of the meaning of this 
process should always form an impor- 
tant part of tlie foundations of the sub- 
ject. A number of points arise over 
which the beginning student is rather 
apt to be puzzled. Not the least sig- 
nificant of these is the following ques- 
tion : why is it that the general solution 
of a partial differential equation in phys- 
ics is so seldom of concrete use to the 
physicist? To understand the meaning 
of this question more precisely let us 
consider the time-honored case of a trans- 
versely vibrating string. Applying the 
usual dynamical analysis to a differen- 
tial element of the string we obtain the 
usual second order linear partial dif- 
ferential equation of motion. The gen- 
eral integral giving the displacement 
from its equilibrium position of any 
point of the string at any time is then 
found to be of the form f(ct-x) +F(ct 
^ x), wdiere x denotes distance measured 
along the string from some chosen ori- 
gin, t is the time and c is a definite 
function of the tension and linear den- 
sity of the string; finally f and F are 
two perfectly arbitrary functions of the 
arguments in the parentheses. Mathe- 
matical examination of this result then 
shows that there is wave motion along 
the string in both directions with ve- 
locity of propagation equal to c. But 
surely we do not need a mathematician 
to tell us that if we shake a string waves 
will move along it! We can see that 
without the mathematical analysis. The 
only specific thing we learn from the 
general solution is the dependence of the 


velocity on the physical properties of 
the string. How can we obtain more 
concrete information about the string ^s 
behavior? Evidently only by assigning 
certain special conditions winch the gen- 
eral solution must satisfy. These are the 
so-called ' ' boundary conditions. * ^ Let 
us look into their fundamental nature 
and their meaning in physical problems 
with some detail. 

Continuing our study of the string we 
see that we can at once render the prob- 
lem more specific if we confine ourselves 
to motions whicli are simple harmonic 
in time. The functions f and F entering 
into the solution are then restricted to 
the circular type (i.e., sine or cosine). 
But even the imposition of this restric- 
tion fails to specify the answer to the 
(luestion which in a case of this kind the 
physicist feels bound to ask : viz., at any 
instant of time w^hat is the exact state 
of motion of every part of the string? 
For the .solution still contains four ar- 
bitrary constants or parameters. To 
specify these, further conditions are nec- 
essary involving assumptions as to the 
state of motion at some definite point or 
points of the string at some definite in- 
stants of time. The reader will recall 
that two of these constants may be fixed 
by the assumption that the string has a 
finite length and that no motion ever 
takes i.)lace at the ends. The final an- 
swer to the physicist's question becomes 
possible only when we have the following 
additional information, viz., an instan- 
taneous photograph or snapshot of the 
whole string at some initial instant, as 
well as the velocity with which every 
part of the string is moving at that in- 
stant, Incidentally the assumption of 
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rigidly fastened ends leads to another 
important result : it says that the possi- 
ble frequencies of free oscillation (i.c., 
the oscillation resulting when the string 
is struck or plucked and then let go) are 
limited to a disereli* scries — the so-called 
harmonics. We need not go into further 
details about this well-known problem, 
but may summarize by noting that the 
introduction of the boundary conditions 
into its genei'al solution has accoin- 
plished for us the following three note- 
worthy things; (1) specified the type of 
mathematical function to represent the 
physical disturbance; (2) evaluated the 
arbitrary constants appearing in the 
expression for this disturbance; (3) in- 
troduced a certain characteristic dis- 
creteness into the resulting motion. It 
is just these things which are necessary 
in the answ'cr to the physicist’s desire 
for concrete knowledge, as expressed in 
the question stated. 

The above simple illustration makes 
it evident that the boundary condition 
concept is an extremely significant one 
in the development of mathematical 
l)hysics. It is perhaps worthy of more 
extended study and a consequent exten- 
sion of meaning over the restricted use 
generally current in physical literature. 
It is thus the purpose of this article to 
interpret the concept in the broadest 
possible sense to see what unifying light 
it casts on the subject of mathematical 
idiysics as a whole. Proceeding from 
this point of view we shall divide such 
conditions into tw^o classes, the specific 
and the general. A specific boundary 
condition is simply a postulated physical 
event in space and time, expressed by 
the requirement that a certain physical 
quantity shall have a definite value or 
set of values throughout a certain region 
of space within a certain interval of 
time. This definition includes the well- 
known ‘‘initial” conditions of classical 
physics and absorbs them into our more 
extensive concept. On the other hand, 


by a general boundary condition we shall 
mean any fundamental restriction on the 
type of behavior of a physical system, 
expressible by means of a mathematical 
relation among a s<"t of physical quan- 
tities characteristic of this system. It 
may thus be itself a physical law but 
is more apt to be a general condition 
wliich all possible i)hysical laws for a 
given system must satisfy, thus tran- 
scending the special laws. We have in 
mind here such fundamental postulates 
as the quantum conditions in atomic 
structure theory and the requirement of 
invariance with respect to transforma- 
tions of coordinates so prominent a fea- 
ture in the relativity physics. These are 
not generally emphasized as boundary 
conditions, but we shall see that there is 
a certain gain in unity of thouglit by so 
considering them. 

For the moment let us give some atten- 
tion to the specific type of condition. 
From the mathematical standpoint there' 
is perhaps nothing very striking about 
this type. Specifying a set of events in 
space and time yields a system of equa- 
tions from which the arbitrary constants 
of the general solution of an appropriate 
differential equation can be evaluated. 
But from the physical standpoint it 
seems that rather more is involved. For 
the necessity of the boundary condition 
tells us that in order to predict the 
future behavior of a physical system we 
must know not only the differential law 
according to which the system changes 
its state: we must also have definite 
knowledge of its state at a certain speci- 
fied time or at any rate some property of 
the system expressible by a set of physi- 
cal events, It is only where such knowl- 
edge is available that the concept of 
causality has any practical significance in 
physics. One more well-wmrn example 
suffices to emphasize this point. From 
the fundamental dynamical laws and the 
law" of force wc are able to compute the 
position of any particle in a central force 
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field at all times j)ust or future (and in- 
cidentally the type of orbit traversed) as 
soon as we know its position and velocity 
at any single instant; neglecting the 
practical diflficulties in the reduction of 
observations, we liave here the theoretical 
basis of all calculations of astronomical 
tables. Other illustrations of like char- 
acter will occur to the reader. 

This is a good place to focus attention 
on a large class of problems peculiarly 
noteworthy because of our ignorance of 
the appropriate conditions. Consider a 
mass of gas, whicli Irom the standpoint 
of the kinetic theory is a.ssumed to con- 
sist of an enormous number of molecules 
moving in straight lines in every direc- 
tion with varying velocities, colliding 
frequently with each other and the walls 
of the confining vessel. It is postulated 
that each molecule is a rigid sphere and 
that it.s motions are governed by the 
ordinary laws of collisions in mechanics. 
It would seem a comparatively simple 
matter in principle though perhaps time- 
consuming in j)ractice to compute the 
position and velocity of each molecule 
from the above assumption. But we arc 
forgetting the boundary conditions! In 
order to make these calculations we must 
know the state of the system of particles 
at some definite time. This is, however, 
a hopeless task. We simply can not hope 
to know exactly the boundary or initial 
conditions in a case like this where the 
number of entities is so great. What 
tJien do we do? In such a problem we 
invariably fall back on probability con- 
siderations. We cease to fix attention on 
the individual member of the aggregate 
and concentrate on the average, employ- 
ing the principle of “large numbers,. “ 
i.e., the method of statistics. The funda- 
mental meaning attached to the employ- 
ment of probability in physics is thus 
intimately bound up with our knowledge 
or ignorance of boundary conditions. 
Thus, according to Poincare, in our con- 
sideration of the behavior of any physi- 
cal system, we may distinguish three de- 


grees of ignorance: the first, in which we 
know both the laws in accordance with 
which the system changes and the ap[)ro- 
priatc Imundary conditions, and hence in 
all strictness have no need for probability 
save what our laziness suggests ; the sec- 
ond, much more common, in which we 
know the laws but arc ignorant of the 
conditions (as witness the above ex- 
ample), and the third, in which we know 
noilh<*r the laws nor the conditions. As 
a rnatler of fact, no physicist ever re- 
miiins content with this third degree of 
ignorance; he always proceeds to postu- 
late possibh' laws to which probability 
(*alculations may be applied in an effort 
to understand the phenomena in ques- 
tion. So we may really consider as an 
important element in the distinction be- 
tween a dynamical theory and a statisti- 
cal theory the possibility of assigning 
definite boundary conditions in the 
former case and the practical impossi- 
bility of carrying out tliis step in the lat- 
ter case. 

Boundary conditions of this type are 
obviously closely connected with the pos- 
sibility of measurement (whether real or 
ideal), for fixing an event for physical 
jmrposes implies observ^ation and mea- 
surement. If the event in question deals 
with an enormous number of entities we 
arc naturally led to feel that although 
the measurements specifying the condi- 
tions may be carried out in principle the 
task is too complicated and involved to 
bo of practical utility. Interestingly 
enough this matter is receiving consider- 
able attention in the more recent atomic 
structure theory. The fruit of the en- 
deavor to inject more concreteness, 
greater “ Anschaulichkeit, “ into the 
matrix quantum mechanics has been 
Heisenberg ^s “principle of indetermin- 
ism, ' * which states with ruthless definite- 
ness that we can not hope to carry out to 
indefinite precision the measurements 
fundamental to the fixation of the bound- 
ary conditions even in principle, no mat- 
ter how small the number of entities may 
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be. Putting the matter speoifically, sup- 
pose we wish to measure the position of an 
electron in an atom with great exactness. 
According to the principle we are then 
forced to sacrifice precision in measuring 
its velocity, i.e., we must remain content 
merely with the probable value of the 
latter, or with the probability that the 
electron shall have a velocity lying in 
any assigned interval. Thus the princi- 
ple maintains that it is impossible to 
measure both the position and the veloc- 
ity of an electron simultaneously with 
the same degree of precision. It is clear 
that acceptance of ‘‘indeterminism^^ in 
this senjse puts our ignorance of the nec- 
essary boundary conditions in the atomic 
domain on a quite different basis from 
the probability considerations we have 
just been discussing. There the disre- 
garding of the boundary conditions and 
the reversion to the study of average be- 
havior were the dictate of economy, con- 
venience and simplicity. Here, however, 
our procedure is to be governed by 
necessity. In admitting that even when 
one particle is under consideration we 
can never know the boundary conditions 
necessary to a complete knowledge of its 
behavior in space and time, we are pro- 
ceeding from the state “ignoramus’' to 
the greater extreme “ignorabimus” (du 
Bois-Reymond). The physicist is bound 
to ask himself the question, is such a 
procedure calculated to advance the 
science? To embark even on a begin- 
ning to the answer to this question would 
carry us too far into the complexities 
of quantum mechanics. But no matter 
what our attitude may be toward the “in- 
determinism” principle, it must be ad- 
mitted as an interesting illustration of 
what our conception of boundary condi- 
tions in microscopic phenomena may 
eventually become. 

So far in our study of specific bound- 
ary conditions we have confined our- 
selves to discrete events, such as the 
position or velocity of a system at some 
definite instant. But this is not the only 


case of interest. Boundary conditions 
need not be discrete but may cover a con- 
tinuous range. Consider a fiber which is 
twisted from its normal equilibrium con- 
figuration by the application of torque. 
When rclea-sed it displays the familiar 
phenomenon of elastic fatigue and hys- 
teresis. But this means that a knowledge 
of the state of twist and angular velocity 
of the fiber at any instant is not com- 
petent to enable us to predict its state 
and motion at any subsequent time. To 
answer the usual question here we must 
know the whole history of the fiber since 
first it began to move at all, i.e., we must 
be acquainted with its heredity. The 
boundary conditions in this case must 
thus extend over continuous intervals of 
space and time. The name hereditary 
mechanics has been given to the field of 
problems into which such conditions en- 
ter. It is obviously only by means of 
an integral extended over the lifetime 
of the system studied that such a bound- 
ary condition can be expressed mathe- 
matically. Thus it is that integral 
equations have come to be of great ser- 
vice in physics. 

There is a large class of extremely im- 
portant physical problems which involve 
the flow of energy across the interface 
of two media. We here encounter a 
kind of boundary condition which is dif- 
ferent from the specific type we have 
just been discussing. Thus at the inter- 
face we find it necessary to postulate a 
certain continuity for the functions rep- 
resenting the disturbance which is being 
propagated. It is not that we specify 
the exact values at the boundary ; rather 
certain relations must hold among the 
physical quantities characteristic of the 
disturbance in the two media at the 
boundary. Hence we may look upon 
this type of condition as more general. 
Thus, to seek a simple illustration, when 
a sound wave traverses a tube in which 
there occurs an abrupt change in cross- 
section, we require that at the place 
where the change occurs there shall be 
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continuity in the pressure and the vol- 
ume displacement of the air disturbance. 
This assumption leads to the correct ex- 
perimental value for the fraction of the 
incident sound energy which is trans- 
mitted aeros.s the junction. Situations 
essentially not at all different arc met in 
the behavior of light and all electromag- 
netic radiation at an interface. The 
imposition of the continuity conditions 
serves to fix the distribution of energy 
in the reflected and transmitted beams. 
As a matter of fact, often more than this 
is involved: the familiar law of refrac- 
tion (i.r., the law of Snell) for an ob- 
liquely incident beam can be shown to 
follow from the mere fact that some 
condition must subsist at the boundary 
and is independent of the precise form 
of this condition. 

In tlie above illustration, then, wc have 
an example of the general boundary con- 
dition, namely, a fundamental restriction 
on the ty])e of activity possible for the 
system considered. Tlius when wave 
energ}’ pa.sses through a region, just as 
soon as a boundary is encountered, tlic 
propagation of the disturbance is pro- 
foundly modified. In place of, let us 
say, a single progressive plane wave in 
one direction we must now have waves 
in both directions (or in certain cases, 
in every direction) ; the whole motion 
pattern is altered, and all as the result 
of the continuity eonditioii associated 
with the presence of a boundary. Ex- 
actly the same kind of thing is met in the 
case of the vibrating string when the 
ends are fixed. For the condition of no 
motion at the ends is precisely a con- 
tinuity condition at a boundary, though 
of a special type. Incidentally, this con- 
dition is peculiarly important, because 
as we have seen in our example, it serves 
to introduce discreteness into the motion 
by limiting the possible frequencies of 
eimple harmonic vibration to a certain 
definite series of values, the so-called 
^^characteristic values. The general 
problem of which this is a special case 


has long had a particular charm for 
mathematicians; it is only within the 
past three or four years tliat it has as- 
sumed unusual importance for physics 
with the advent of the wave mechanics 
in atomic structure. For in the recent 
theory of Schrodingcr the possible states 
in which an atom may exist are repre- 
sented by tl)c solutions of a certain wave 
equation (not dissimilar in form from 
that of a vibrating medium, like a string, 
but differing from it in the interpreta- 
tion of the (piantitics involved) satisfy- 
ing llic boundary condition that they 
shall remain finite, continuous and single 
valued throughout all space and bo zero 
at infinity. It then develops that, as a 
result of this eondition, the principal 
parameter of tlie equation, representing 
the energy of the atom (and correspond- 
ing to the frequency in the analogous 
problem of the vibrating medium) is in 
general restricted to a discrete set of 
values. In the cases so far studied, these 
values are precisely the correct energy 
values indicated by experiment for the 
possible stationary states of the atom, 
it is difficult to resist the feeling that the 
discreteness introduced by the above 
boundary condition is intimately con- 
nected with the discreteness which we 
ought to expect to be physically charac- 
teristic of an atomic mechani.sm, and 
which is indeed one of the most striking 
experimental facts about all atomic 
phenomena. It is improbable that the 
final physical interpretation has been 
given to either Schrbdinge^^s wave 
equation or the boundary condition re- 
stricting the solutions. But no one can 
question the tremendous importance of 
this boundary condition to the final re- 
sult, and so it marks a definite extension 
in the significance of this conception in 
modern physics. 

It is indeed true, as the reader who is 
familiar with the history of recent atomic 
theory will recall, that the classical Bohr 
theory of the atom employs a boundary 
condition which achieves essentially the 
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same end as tlie boundary condition of 
the Schrodinger tlioory, witli, of course, 
distinctive differonces in details which 
have seemed to favor the latter. To be 
specific, it will be remembered that the 
Bohr theory postulates that in an atom 
the electrons move in accordance with 
dynamical laws, but from the whole con- 
tinuum of possible mechanical orbits it 
selects as actually existent those only for 
whiel) (*ertain path integrals of the com- 
ponent momenta are equal to integral 
multiples of the fundamental constant 
of Planck. Here again discreteness is 
introduced into the problem. The en- 
ergies of the stationary states of the 
atom are the energies of the orbits which 
are allowed by the quantum condition, 
which is thus really just as much a 
boundary condition as that which must 
be satisfied by the solutions of Schrod- 
inger ’s equation. Physically the former 
does not seem to be so understandable as 
the latter, but this means merely that we 
are not so familiar with condition.s in- 
volving path integrals of momenta as 
with conditions involving continuity at 
a boundary in a medium, with which we 
have dealt throughout classical physics. 
But in any case the significant fact is 
that the desired result is secured through 
the agency of a boundary condition. 
Added interest in this subject is pro- 
vided by the theory of relativity, for it 
is through this that we may see our way 
to an even more general view of the 
nature of boundary conditions. Con- 
comitant with the growth of this theory 
there has arisen the conviction that phys- 
ical laws in general must be of such a 
character that they retain their form 
intact when the coordinate system in 
which the various quantities are ex- 
pressed is transformed to another sys- 
tem in accordance with the now cele- 
brated Lorentz-Einstein transformation 
equations, which is only the formal 
mathematical way of eipreasing the 
impossibility of detecting absolute mo- 
tion by any means and in addition the 


fact that the velocity of light has the 
same value for any two coordinate sys- 
tems moving with respect to each other 
at constant velocity. In the broad in- 
terpretation of this essay the invariance 
with respect to the Lorentz-Einstein 
transformation is just as truly a bound- 
ary condition as is the quantum condi- 
tion. It has, to be sure, a more general 
scope than the latter, for it serves to 
select the type of physical law which is 
best adapted to describe successfully 
physical phenomena. Of still greater 
generality because of its larger realm 
of applicability is the fundamental pos- 
tulate of general relativity that all phys- 
ical laws must be expressed in the form 
of tensor ecpiations. Here again the re- 
striction is on the type of general law 
and not merely on the particular kind 
of behavior resulting as a special case 
of a given law. In this sense boundary 
conditions like the tensor requirement 
are more general than the difl’erential 
equations in which tlie laws of physics 
arc embodied. In truth, it would seem 
as if physicists were coming to realize 
more and more the importance of ascer- 
taining the general boundary conditions 
which whole groups of physical laws 
must satisfy. This puts us in a position 
where the possible type of law is of 
greater significance than the specific laws 
themselves. From the esthetic point of 
view this marks a tremendous gain for 
science as a whole. Nor is it without 
utility, as is illustrated by Einstein’s use 
of it in the discovery of the general law 
of gravitation. 

The reader should be able to suggest 
to himself many other illustrations, but 
to render the matter as clear as possible, 
it is well to point out that in the view 
of the present article many so-called 
physical laws are really boundary con- 
ditions in disguise, as it were. Thus 
the law of the conservation of mechani- 
cal energy, appearing as tlie first integral 
of the equations of motion of a conserva- 
tive dynamical system is a boundary 
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condition in the sense that it is the 
mathematical expression of the fact that 
the system under consideration is con- 
servative; it thereby delimits or fixes a 
boundary for the class of systems con- 
sidered and separates them from all 
others. The importance of tliis step 
becomes clear when we find that many 
of the specific laws obeying this general 
condition are found to be satisfied ap- 
jiroximatcly in the world of idiysical 
phenomena. And the notion of the 
separation of dynamical systems into 
conservative and non-conservative sys- 
tems has been of iirime importance in 
the advancement of theoretical me- 
chanics. 

Perhajis the most recent apidication 
of our general view is the introduction 
of the group concept into atomic physics 
by Weyl and others. This concept, in 
accordance with which a sot of entities 
is said to form a group with respect to 
certain operations provided certain 
definite conditions are satisfied, has long 
been of unifying utility in mathematics. 
Its application in atomic structure 
theory may prove the means of provid- 
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ing much desired uniqueness in quantum 
mechanics, in ascertaining the most 
general typos of rules under which the 
bohnvioT’ of all atomic systems may bo 
subsumed. 

How then may we sum up the whole 
matter? We may say that closely asso- 
ciated with ev(»ry physical law there are 
to be found important boundary condi- 
tions of both a general and a specific 
natur(‘, and forming a very significant 
jiart of the physical meaning of the law 
as well as its practical application. The 
sfX'cific conditions sliow us how to use 
the law to predict physical events, and 
ignorance of them forces us back on 
probability considerations; the general 
(‘onditioTis fix the possible types of laws 
or the i>ossible kinds of functions which 
enter into them. Tin' mind can conceive 
countless forms of differential laws. 
The general boundaiy conditions servt^ 
to pick out the useful ones. Our search 
should forever turn in the direction of 
these conditions, the discovery and clear 
statement of which represent the for- 
ward development of mathematical 
])hysics. 
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THE PRESENTATION OF DOWN 

The formal opening of Down House, 
tile lioine of Charles Darwin, presented 
by Mr. Buekston Browne, a distin- 
guished surgeon and student of Huxley, 
to the British Association for the Ad- 
Aanceineiit of Science in custody for the 
nation, was observed under the auspices 
of Sir Artlmr Keith, F.R.S., on June 7, 
in tlie presence of a large and distin- 
guished audience. 

Inaccessible cither by rail or bus, 
Down, situated among the chalky up- 
lands of Kent, has remained peaceful 
and unspoilt. It is as Darwin knew it, 
and now his own home, a fine English 
country house on the outskirts of the 
village, has been restored as nearly as 
possible as it was when he lived and 
worked there. 

In the study in which Damin wrote 
the “Origin of Species,” there is to be 
seen the exceptionally high chair in 
which he sat, using as a desk a board 
placed across his knees. In the center 
of the room is his work-table and among 
the relics displayed on the book shelves 
are his pistols, the telescope he used dur- 
ing the voyage of the Beagle^ his geolog- 
ical hammer and many other scientific 
instruments and the proverbial snuff jar. 
To the list of treasures there are to be 
added the fifty-eight original Darwin 
letters, known as the Mtlller collection, 
which Dr. Homy Fairfield Osborn, a 
former president of the American Asso- 
ciation, is presenting to Down House. 

Down House lies in the midst of beau- 
tiful gardens and orcjhards, and it was 
on the lawn that the opening ceremony 
was performed. 

Mr. Buckston Browne formally pre- 
sented the house into the keeping of the 
British Association. 

Sir William Bragg, F.R.S., president 
of the Brjti-sh Association, accepted the 
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gift, expressing the gratitude of the 
association. 

Sir Arthur Keith, F.R.S., delivered 
the principal address, in the course of 
which he said ; 

In Down House was enHlirined the personality 
of li great man, one who always placed goodnos.s 
above greatness. It is right that we should 
stress now this personal aspect of Darwin ^s 
life, for the clmrneter of no man has been so 
wilfully travestied in liis own century as well 
as in ours. 

Dr. R. Anthony, wlio occupies the 
chair of the immortal Cuvier, ropro- 
.sented Prance and presented the felici- 
tations of French science. 

Dr. Joseph Leidy, II, as the represen- 
tative of the American Association for 
the Advancement of Science, presented a 
magnificent bust of Darwin by the 
gifted sculptor, Charles L. Hartwell, 
R.A., now on exhibition in the Royal 
Academy. He referred to the interest- 
ing fact that from American science 
came tlio first foreign official recognition 
of the “Origin of Species” upon its 
publication in 1859, when the Philadel- 
phia Academy of Natural Sciences made 
Darwin a corresponding member upon 
the recommendation of Joseph Leidy 
and Isaac C. Lea. 

Upon the announcement of his elec- 
tion, Darwin wrote Sir Charles Lyell, 
“It shows that some naturalists there do 
not think me such a scientific profligate 
as many think me here.” 

In the course of his remarks Dr. Leidy 
said : 

We wish therefore to forge still stronger the 
chain which links American science with Down 
House and this momorial. 

It is our great privilege to place in this 
shrine the fine bust of Oharles Darwin as a gift 
to the British nation from America in memory 
of those American naturalists who came to the 
support of Cliarles Darwin upon the publication 
in 1859 of the ** Origin of Species* 
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DR. BRITTON AND THE NEW YORK BOTANICAL GARDEN 


Tiik resignation of Dr. N. D. Britton 
as director-in-chief of the New York 
Botanical Garden was an event of the 
first importance in the botanical world 
and in scientific circles generally. This 
resignation, dated May 25, 1929, Avas 
accepted at special meetings of the board 
of managers and the scientific directors 
of the garden, held on July 8, 1929, and 
took effect as of August 1, 1929. 

Dr. Britton was one of the prime 
movers in the plan to e.stablish a botani- 
cal garden in New York City. The 
garden wa.s incorporated in 1894, and 
on July 1, 189(i, Dr. Britton entered 
upon his duties as the first director-in- 
ch ief, having been secretary of the board 
of managers for some two years preced- 
ing that date. 

When the new garden was established 
there were only three independent bo- 
tanical gardens in the United States, 
namely, the Missouri Botanical Garden, 
at St. Louis, the Arnold Arboretum, near 
Boston, and the IJ. S. Botanic Garden in 
Washington. At that time the general 
l)nblic had very hazy ideas as to what a 
botanic garden is, and one of the prob- 
lems of the new director Avas to educate 
the lay public and, in i)articular, the 
officials of the city of New York, as to 
the nature, importance and needs of 
such an institution. In addition to this, 


a (|uitc undeveloped area of two hundred 
and fifty acres had to be laid out, graded 
and planted ; buildings, greenhouses and 
|)ublic coiuaervatories were to be planned 
and erected, and, most important of all, 
a scientific staff had to be organized, and 
botanical collections assembled for sci- 
entific. and educational work. 

For such work something more is 
needed than a knowhulge of plant life, 
and the officials of the new garden were 
exceedingly fortunate in having, in the 
l)erson of the first director-in-chief, a 
man who was not only an accomplished 
botanist, but also an engineer and an 
able scientific administrator. 

Pari pofisii A\Mth the development of 
the i>hysical i)lant, a vigorous program 
of scientific research was initiated, with 
emphasis on systemalic botany and bo- 
tanical exploration in North America, 
especially in subtropical and tropical 
America and adjacent islands. 

Within a very short time “New York 
Botanical Garden’’ came to mean one of 
th<' largest and strongest organizations 
of botanical investigators in America, 
HTid the affiliation of the garden with 
Oolumbia University favored the early 
registration of a large number of grad- 
uate students. 

The results of research by staff and 
students required facilities for publica- 
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tion in addition to those already avail- 
able, and this need has been met by the 
establishment of several serial publica- 
tions which have taken their place as 
among the most important of the botani- 
cal world. 

As a result of the extensive program 
of botanical exploration, and in other 
ways, the herbarium of tho garden, com- 
prising not less than 1,500,000 speci- 
mens, has become one of the largest and 
most important herbariums in the world, 
rich in type specimens and other valu- 
able material. The garden library, of 
some forty thousand volumes^ is one of 
the most important botanical libraries in 
the New World. 

Under Dr. Britton’s able administra- 
tion, the New York Botanical Garden 
soon took its place among the foremost 


institutions of its kind, serving the local 
public to an extent far in excess of the 
public ’s share in the c6st of maintenance, 
and making voluminous and substantial 
contributions to botanical science. 

At the celebration of the twentieth 
anniversary of the foundation of the 
garden, September 6 to 11, 1915, one 
hundred and forty-five botanists and 
others were in registered attendance and 
many messages were received congratu- 
lating the garden and its director-in- 
chief on the splendid accomplifihment. 
Volume VI of the Memoirs of the New 
York Botanical Garden comprises thirty- 
six scientific papers presented as a part 
of the anniversary program. 

On May 7, 1919, the board of mm- 
agers gaVe a complimentary dinner to 
Dr. Britton at the Metropolitan Club, 
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New York. The guests included the 
scientific directors of the garden and a 
number of other distinguished represen- 
tatives of botany and other sciences. On 
this occasion a loving cup was presented 
to Dr. Britton, bearing an inscription 
that the cup was presented ^‘in recogni- 
tion of his distinct services to the Gar- 
den, public education, and science. 
The then president of the board, Dr. W. 
Gilman Thompson, announced that the 
dinner was not given in celebration of 
any event or anniversary, but solely as 
an expression of the good-will, esteem 
and confidence of the board of managers. 

The appointment of Dr. E, D. Merrill 
as director-in-chief, in succession to Dr. 
Britton, will take eifect as of January 1, 
1930. Ill the interim, Dr. Marshall A. 
Howe, a member of the original staff of 
the garden, and for some years assistant 
director-in-cJiief, will be acting director. 

Professor Elmer D. Merrill, who will 
succeed Dr. N. L. Britton as direc- 
tor-in-chief of the New York Botan- 
ical Garden on January 1, 1930, is a 
native of East Auburn, Maine. After 
graduating from the University of Maine 
in 1898 (with honorary degrees of M.S., 
1904, and Sc.D., 1926), Dr. Merrill held 
varions appointments in George Wash- 
ington University, the University of 


Maine, the I'nited States Department of 
Agriculture and the Insular Bureau of 
Agriculture, the Bureau of Forestry, Bu- 
reau of Government Laboratories and 
Bureau of Science, Manila, P. I. Prom 
1919 to 1923, Dr. Merrill was director of 
the Bureau of Science and associate pro- 
fessor of botany and head of the depart- 
ment, Philippines, 1912 to 1917, with the 
title of professor, 1917 to 1919 and pro- 
fessorial lecturer, 1919 to 1923. Since 
1924 he lias been jirofessor of agricul- 
ture and director of the Experiment 
Station, University of California, and 
director of the California Botanic Gar- 
den since 1927. Prom 1906 to 1923, Dr. 
Merrill was editor of the Philippine 
Journal of Science and editor of Ilil- 
(jardia from 1925. 

Professor Merrill is a member of the 
National Academy of Science, the Socifite 
botanique de Prance, the Botanische Ge- 
selLschaft and the Royal Asiatic Society, 
as well as numerous American scientific 
societies. He is a recognized authority 
in the systematic botany of China, Phil- 
ippines and adjacent islands, and comes 
to the New York Botanical Garden richly 
acquainted with the important scientific 
administrative duties of that position. 

C. 8. G. 
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DEDICATION OF THE CHEMISTRY BUILDING AT PRINCETON 

UNIVERSITY 


DisTrNGUiSHKi) soienlists met at 
Princeton, New Jersey, September 26, 
27 and 28, 1929, to attend the dedication 
of the new laboratory, and to be present 
at the international conference on catol- 
ysis and the mechanism of chemical 
reactions. 

At 12:30 P. M., on September 26, the 
academic procession marched to the 
auditorium of the laboratory, and, fol- 
lowing the singing of “America,^’ 
diaries Z. Klauder, the architect, jire- 
sented the symbolic key of the building 
to President Hibben. Mr. Klauder 
pointed out that one prominent feature 
of the laboratory is the centrally located 
stockroom. 

President Hibben accepted the key 
for the university, saying that the 
laboratory would not be justified if the 
university had not had at its disposal 
Ihe recently completed fund of 3,000,- 


000 for research in pure science, and if 
it did not have men capable of conduct- 
ing excellent research. 

Professor Hugh S. Taylor, chairman 
of the department of chemistry, then 
delivered the chief address. He said 
that the successive laboratories at 
Princelon had covered the whole epoch 
of modern chemistry, and closed his 
address as follows: “We are indeed 
fortunate here that ways have been de- 
vised to ensure close cooperation be- 
tween the sciences and, by reason of that 
cooperative effort, we are drawing ever- 
increasing numbei‘s of students to our 
graduate schools from all jiarts of the 
world. We commend especially to the 
parents and guardians of our Princeton 
undergraduates a serious consideration 
of the rich opportunities for scientific 
training which Princeton now offers in 
contrast with earlier decades, and we 
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PROFESSOR MAX 1K)J)EN8TEIN 
DlKEl'TOK OK THE INSTITUTE OK PHYSICAJ; CliEM* 
ISTKY AT THE UNIVKftSlTY OK BKKI/IN, WHO PKE- 
.SENTEI) Ills WOJiK ON UATAEYTU’ OXIDATION OK 



PROFESSOR KARL F. BONHORFFER 
OF THE Kaiser Wif-heem Institute, disooverku 
OF PARA hydrogen, WHO PRESENTED A REPORT OF 
HIS WORK. 


bespeak tlieir counsel and eiKJuurago- 
ment to their sons seriously to consider 
the opportunities to which they are heir. 
Tn return for their labors we offer them 
a life in science rich in its satisfaction, 
full, scholarly and enduring. ^Non est 
mortiius qui acientiam invificavit.^ 

At the close of Professor Taylor’s ad- 
dress the honorary degree of D.Sc. 



JMtOFESSOR M. POLANYI 
UK THK IvAlSKK WiMIEl.M INSTITUTE, WHO PRE- 
SENTED A I'APEH ON ATOMIC REACTIONS IN IllUHEY 
DILUTE FLAMES. 

(Doctor of Science) was conferred by 
the university on the following visiting 
eJicmists: Professor Max Bodenstein, 
director of the Physikalisch-Chemisches 
institiit, Berlin, Germany; Professor F. 
G. Donnan, F.R.S., University of Lon- 
don; Sir Janies C. Irvine, principal of 
St. Andrews, Fife, Scotland; Dr. Irving 
Langmuir, assistant director of the re- 
search laboratories. General Electric 
Company, Schenectady, N. Y., and Pro- 
fessor Jean.B. Perrin, director of the 
Laboratoire de Chiraie-Physique, Paris. 
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The exercises were concluded by Dean 
Robeit R. Wicks, of the University 
Chapel, who pronounced a prayer and 
benediction, and by the singing of *‘01d 
Nassau. ’ ’ 

The guests were entertained at lunch- 
eon at the Princeton Inn, and in the 
aftei’uoon the ladies of the chemistry 
department held a reception in the 
library of the laboratory. 

On the evening of the same day Pro- 
fessor F. O. Donnan, of the University 
of London, gave a public lecture on 
^ ‘ The Application of Physical Chem- 
istry to Chemical Ind\istry with Special 
Reference to Catalysis.” 

The Chemical Laboratory and equip- 
ment cost over $1,500,000. In addition 
to offices and laboratories of faculty 
members, it has nine large laboratories 
and thirty smaller ones, the former be- 
ing for undergraduates and the latter 
for men engaged in research. 

The small laboratories have very little 
permanent apparatus in them, and are 
so arranged that any type of equipment 
may be employed from time to time. 
Every room has outlets fpt* all types of 
electric current ; and steam, gas, hot and 
cold water, and compressed air are 
piped to every room. 

The main lecture room is completely 
equipped, and can be darkened easily 
and quickly by touching a button. The 
library is comfortably furnished ; it con- 
tains two fireplaces which , are attract- 
ively panelled, and above them are in- 
scribed the following mottoes: 

FELIX QVI POTVIT RERVM 
COGNOSCERE CAV8AS 


Happy is he who hath learned the 
whence and wherefore of things” (Ver- 
gil, Georgies, II, 490) ; and 

NON EST MORTVVS QVI 
8CIENTIAM VIVIFICAVIT 
**He is not dead who hath given now 
life to knowledge. ' ’ (Quoted by Richard 
de Bury, Philobiblon, Chap. 19, from 
Amagest of Ptolemy the Mathematician, 
who lived about 139 A. D. The original 
work, in Greek, has been lost.) 

At the conference on catalysis and 
the mechanism of chemical reactions 
the following papers were read and dis- 
cussed : 


Chemical and FJhctricul Properties of Ad- 
sorbed Films on Tungsten: Dk. Ikvino Lano- 
mitiRj of the General Electric Company. 

The Mechanism of the Catalytic Oxidation of 
Ammonia: Professor Max Bodekstein, of the 
University of Berlin, 

Fluorescence and the Problem of Negative 
Catalysis: Dr. Francis Perrin, of Paris. 

Trace Catalysis and Chain Reactions: C. N. 
Hinshelwood, of Trinity College, Oxford, En- 
gland. 

Atomic Feactions and Luminescence in Highly 
Dilute FIxmes: Professor M. Polanvi, of the 
Kaiser Wilhelm Institut, Berlin. 

PwrahydrogeUf Atomic Hydrogen, and the 
Mechanism of Flame Feaction>s: Drs. K. F. 
Bonhoeffer and P. Hakteck, of the Kaiser 
Wilhelm InstTtut, Berlin. 

Finally, Professor Hugh S. Taylor 
summarized the following communica- 
tions : 


‘*The Historical Development and Theory of 
Ammonia Synthesis," by Drs. A. Mittasch and 
Frankenburgor, of the I, Q. Laboratories, 
Oppau, Germany, and * * Kinetics and Adsorption 
at Contact Surfaces," by Drs. II. Mark, Dohse 
and Kalberer, of the I. G. Laboratories, Lud- 
wigshafen, Germany. _ 

William Foster 
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THE METHOD OF EVOLUTION 

By Profeuor H. J. MULLBR 


XmiVIRSITT 

I. Thb “Fact” of Evolution 

Doubtless most of my readers Imow 
the story — it is said to be largely fic- 
titious — of Kaspar Hauser. According 
to this story there appeared one day on 
the streets of a town in Germany, about 
a century ago, a youth, half blinded by 
the light of day, bent and decrepit, 
practically unclothed, unable to talk, 
dased and befuddled by the objects 
about him and the persons who crowded 
round. His origin was traced — so the 
story goes — to the cellar of a house, then 
abandoned by its owners, where for 
some unknown reason he had been kept 
since infancy, without companions, prac- 
tically without care, his food being 
thrust in to him and no knowledge or 
hint of the outer world being allowed to 
reach him for some sixteen years. When 
the owners left he escaped, and was 
dumbfounded to discover the world. 
But he was not feeble-minded ; he 
learned to talk; he learned the use of 
objects and the ways of people, and so, 
undertaking work and forming human 
associations, he became drawn into what 
for most men would be the ordinary 
stressM and caret of life. The tre- 
mendous change seems, however, to have. 
OverstrSined the povrers of adjustment 
of his cramped mind and body, and he 
lived a abort, tragie life, capp^ by yio* 
lent death. 

( Thk is a fitting allegory for deseifb* 
the present situation of mankind — 
im^ fits first portion of the story 
althragh we may hope 


or TEXAS 

that the ending will not be. Mankind 
to-day is in the position of Easpar 
Hauser on his first emergence. For 
ages we have remained cooped up within 
blank walls of artificial construction, 
knowing of nothing beyond, behind, 
beneath, above; imagining at most an- 
other cell or two much like our own cell 
on the other side of the wall. Unexpect- 
edly, however, through a combination of 
luck and a certain amount of scheming, 
we have managed to creep through a 
series of crevasses in the structure, and 
have gained a view for the first time of 
the brilliant real world outside. It 
stretches far beyond our reach, but is 
ours to roam. 

The vastness of the amount of space 
and material is but one aspect of this 
sadden expansion of our universe. The 
seemingly magical extension of matter 
inwards, discovering microcosmic realm 
within realm in the interior of all parts 
of all things, is another direction in 
which as yet unlimited vistas have 
opened. But in following our (fitosen 
topic we are concerned more with a 
third kind of removal of bounds, lying 
in the realization of the tremendous 
. reaches of time behind and before us, os 
compared with our primitive conceptions 
of earth and life history, and m the 
realization of the immensities of change 
that have occurred, are occurring and 
will occur in that life, during periods of 
time such As we have evidence for. It is 
this which shakes our human coiUposure, 
perhaps more than any other ^relation 
481 
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of nature. We were not we; they were 
not they; things are not as they were 
and will not be as they are. In the 
bodies and spirits of living things, as 
well as in their outer environment, trans- 
figuration has gradually followed trans- 
figuration so as to remake them again 
and again into totally unrecognizable 
beings. And more than ever are we now 
in the grip of these transfigurations. 

The protracted reaches of time, with 
their long-drawn-out processes of trans- 
formation, now stare us plainly in the 
face. Go up the steps of the main 
building of our university and look be- 
neath your feet : the dead relics of fan- 
tastic creatures of the sea that crawled 
here many millions of years ago are 
obvious everywhere, ground off to serve 
as your footrests. Follow with the geolo- 
gist and trace these changes and others 
grade by grade. Then delve into the 
history of your own body, as it unfolded 
its heritage from the egg, and note the 
dim rehearsal of past events that it 
seems so unnecessarily to go through, 
as by some ritual incantation recounted 
every generation anew: in your early 
stages your gill slits, your fijsh’s heart, 
fish’s brain and fish’s circulation, then 
later your split lip, your pointed ear, 
your coat of body hair, your tail. And 
note the traces of these obsolete struc- 
tures, in lowlier creatures so useful, even 
in your adult selves. Now accompany 
the breeder of plants and animals to 
his farm, and let him show his new 
and fancy varieties. Compare them also 
with the records of their ancestors and, 
if you can, deny the plasticity of proto- 
plasm. 

Is evolution ‘'a fact”? Am I a fact? 
What is a fact? The philosopher says 
that he can not say I am a fact, but that 
he knows he is a fact, and that that is all 
ho knows for sure, but I am not sure he 
knows that much. However, I will not 
dispute it with hinL He and I and evo- 
lution may all be a hoax, but I think we 
have enough evidence to convince us 


that we will all have to stand or fall as 
hoaxes together. And that is enough to 
satisfy me, at the present stage of the 
game. If I am a hoax, you may be sure 
then there is no evolution, and if evolu- 
tion is a hoax you may be sure there is 
no me, but if either evolution or I exist, 
then you need not doubt that the other 
exists too, and by the same token: for 
it is by the same process of piecing to- 
gether, interpolating, a kind of continu- 
ity in the intervals between the sepa- 
rated but consistent momentary glimpses 
of us which you get sense evidence of 
from time to time, that you can recon- 
struct a convincing concept of each of 
us, evolution and me. Certainly, if any 
one could prove that evolution had not 
occurred, in spite of the overwhelming 
evidence we have of it, I should have my 
conception of the consistency of the uni- 
verse so destroyed that I should see little 
reason left to credit the truth of my own 
existence. So remember, if you will, 
evolution is not a fact — no, not at all — 
no more a fact than that I exist or that 
you are reading the words on this page. 

It ill befits us, however, to remain 
wrangling over such abstractions when 
we stand confronted with the view of a 
great hitherto unknown world of which 
we form a part. Admitting, for pur- 
poses of living, the reality of this world 
of ours, we must forthwith bestir our- 
selves to find out its possibilities and the 
rules which govern its activities. Even 
though we may be but as little motes 
drifting helplessly in its great currents, 
still we can not keep our self-respect as 
men without striving to understand its 
operations, and, if possible, to make at 
least some little impression upon them. 
What, then, are the methods of opera- 
tion of these great evolutionary proc- 
esses in which all life has been caught f 

II. The Quarrel Over the Oausattve 
Agekt 

It is here that the real doubt a^d 
divergence of opinion among the so- 
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called experts'’ has been supposed to 
exist. '^Darwinism is dead/’ it is some- 
times parroted^ and though Kammerer 
died tragically by his own hand, the 
hypothesis of the inheritance of acquired 
characters which he among others advo- 
cated is claimed to have plausibility. 
Many, if not most, medical men still 
believe in it, but some philosophers pre- 
fer evolution through a kind of inner 
drive — ‘^orthogenesis”; still others who 
make themselves heard believe that in- 
stead, or in addition, there is a direct 
influence of the kind of environment 
upon the kind of variations that occur, 
with the result that fitter and fitter, or 
occasionally, less and less fit, organisms 
are brought into being. To “explain” 
the fortunate adaptive responsiveness on 
the part of the organism, the guesses 
range from an internal, rather short- 
sighted, cell-intelligence, the “entel- 
leche,” to an external, far- visioned 
perfecting principle. 

Amongst the various voices — so our 
students have to learn from some con- 
temporary texts — there are also to be 
heaixi the voices of “neo-Darwinians,” 
who arrive at a finite end by an almost 
infinite number of steps, or slides, back 
and forth, of almost zero individual 
magnitude, the backslides, however, 
being each time discontinued. And op- 
posed to these, it is often stated, are the 
voices of different kinds of “mutation- 
ists. ” Some of the latter would have 
one adapted species change directly into 
a differently adapted species by just 
doing so; o^ers would have each more 
advanced type emerge out of the more 
primitive type by losing an inhibition. 
Then, too, there are the voices of those 
claimants who say that new products 
arise only by the crossing of preexisting 
types, followed by the formation of a 
combination type representing certain 
elements from each of the old. It is not 
explained here whether the second ape- 
eies arose by crossing between the first 
and third or whether the third species 


arose by crossing between the first and 
second, or both. Altogether, you see, 
this is not a process of a species raising 
itself by its bootstraps — not so crude. 
Here A lifts B*s bootstraps, and B lifts 
A* 8, onward and upward forever! 

After such a maze of opinions, of 
which these form only a part, the slate 
is left pretty blank (or rather, evenly 
scrawled over) for the teacher, the stu- 
dent or the outsider to write in, large, 
his own personal beliefs. Among these, 
there is one belief which is especially 
common. It starts out by stating that 
every effect has its cause, and a definite 
effect has a definite cause, and goes on 
to say that therefore it is only reason- 
able to suppose that a definite kind of 
variation, or difference arising between 
an offspring and its parent, must have 
been due to some definite condition or 
quality of stimulus, within or surround- 
ing that parent, whether we can at pres- 
ent trace it or not. A repetition of this 
condition then would bring forth a sim- 
ilar variation again. In some quarters 
it is added further that such causa- 
tion must therefore tend in itself to 
explain the course of evolution. This in 
turn would seem to circumvent the 
necessity of invoking “natural selec- 
tion” to do more than help out in a 
secondary and occasional fashion. For, 
it is often said, it feels philosophically 
unsatisfying** to believe that all the 
order and organization of living things 
could have come about through such a 
chance process as natural selection ad- 
mittedly is. 

It is evident that a real decision of the 
questions at issue can be reached only on 
the basis of real data regarding the 
nature of those differences which distin- 
guish one generation of individuals from 
its predecessors, and which they in turn 
tend to transmit as a heritage to their 
descendants. That is, we must not 
remain content to view evolution from 
afar, but 'must view close up, as through 
a microscope, the transitions now occur- 
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ring out of which the evolutionary story 
is pieced together. The science which 
^essays this study is ** genetics.'^ 

HI. Genetic Principles Reviewed for 

THE NoN-DIOLOGIST 

During the present century genetics, 
building upon the earlier discoveries of 
Mendel, has practically solved the prob- 
lem of the method of inheritance of 
the differences referred to, once they 
have arisen. All modem genetic work 
converges to show that the heritable dif- 
ferences between parent and offspring, 
between brother and sister, in fact, be- 
tween any organisms which can be 
crossed, have their basis in differences in 
minute self-reproducing bodies called the 
genes, located in the nucleus of every 
cell. The genes themselves are too small 
to be separately visible, but hundreds or 
thousands of them are linked together 
into strings, and these strings of genes, 
together probably with some accessory 
material, are large enough to be seen 
through the microscope by the cytolo- 
gist; they constitute the sausage-shaped 
bodies called chromosomes. We know 
that, ordinarily, each individual gene in 
a string is different from every other 
gene in the same string, and has its own 
distinctive role to play in the incom- 
parably complicated economy of the 
cell. Moreover, the genes in different 
chromosomes are different from one an- 
other, except in the case of homologous 
or twin chromosomes, i.e., the corre- 
sponding chromosomes which each cell 
of an individual received from the father 
and from the mother of the individual, 
respectively. To match each chromo- 
some that was derived from your father, 
every cell of you has in it also a similar 
ehromosome (though not necessarily 
quite identical) derived from your 
mother, so that it contains in all two 
complete sets of chromosomes and hence 
two complete sets of genes. The proper 
functioning of the cell during its life 
depends upon the proper cooperative 


functioning of its thousands of different 
genes. One complete set of genes would 
ordinarily be enough for this, but two 
sets are provided, so that new combina- 
tions of the characteristics of different 
ancestors may be tried out. 

Each given gene in the cell must of 
course have its own specific chemical 
composition, differing from gene to gene, 
though there is no doubt a chemical rela- 
tionship between all genes. As yet, how- 
ever, we have no knowledge as to what 
the chemical composition of any individ- 
ual gene, or of genes as a group, is. 
Whatever it is, we can not escape the 
fact that the different genes, through 
differing chemical reactions with other 
substances in the cell, produce by- 
products which have a very profound 
influence upon the properties of the pro- 
toplasm. And through the combined 
influences of all the chemical products 
of the thousands of different genes in a 
cell, meeting one another in the common 
protoplasm and then interacting in 
devious ways to form further products 
again, the exact form and physical and 
chemical characteristics of all parts of 
the cell that contains those genes will be 
determined, for any given set of outer 
conditions. Changing conditions exter- 
nal to the cell will of course change the 
properties of the protoplasm too, but 
what form and behavior it can and will 
show for a given set of outer conditions 
depends primarily upon what genes it 
has. And since the body of a man or 
other animal, or a plant, is made up of 
its cells, and the form and other proper- 
ties of that body depend upon the prop- 
erties of these constituent cells — their 
form, the way they fit together and work 
— it is evident that, less directly but no 
less surely than in the case of the indi- 
vidual cells, the characteristics of the 
whole body depend upon the nature of 
the genes in the individual cells. 

These individual cells of the body 
have, during the development of the 
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embryo, been derived from the original 
fertilized egg cell, through a succession 
of cell divisions in the course of each of 
which every chromosome and every gene 
present in the dividing cell also divided 
in half, one half of every chromosome 
and gene then entering one of the two 
daughter cells and the other half enter- 
ing the other daughter cell. Between 
divisions the chromosomes and genes 
usually had a chance to grow back to 
their original size. Thus it results that 
every cell of the body has the same kinds 
and numbers of chromosomes and genes 
as the fertilized egg had, and as every 
other cell in the body has. The original 
two sets of genes of the fertilized egg — 
one set received from the sperm of the 
father, the other similar set derived from 
what the egg of the mother contained 
before fertilization — are still both pres- 
ent in every cell of you. But these two 
sets of genes of the fertilized egg were 
all, and more, than were needed to re- 
sult in a complete man. We see, then, 
that every single cell of you, in the skin, 
the brain or anywhere else, contains the 
makings of a complete man or woman, 
and that you are in this sense wrapped 
up within yourself many trillion fold. 
Not each cell may grow up into an entire 
man, of course, but must remain content 
to do its specialized share, even though 
it has a full cargo of genes, because its 
structure and activities are limited and 
regulated in various ways through the 
mutual influences received from the 
other cells in the body. The various 
cells of different organs developed dif- 
ferently from one another because, 
though possessing the same genes, they 
found themselves in different situations, 
subject to different influences, from the 
start. Only the germ-cells, then, may 
eventually realize anything like their 
full potentialities. 

All this explanation, somewhat off the 
main theme, may serve to furnish some 
sort of notion of how the characteristics, 


in fact the entire substance, of any 
human or other living being depend 
upon its genes, acting in a chemically 
coordinated fashion. So complicated is 
the manner in which the products of the 
different genes react with one another 
that no flnal product and no character- 
istic of the adult body is due to any one 
specific gene, but in the production of 
every organ, tissue or characteristic, 
numerous genes take part. Neverthe- 
less, if one individual differs from an- 
other individual in regard to just one of 
the genes that do take part, it will be 
seen that the given characteristic in the 
two individuals will be different, and so, 
conversely, a difference between two 
individuals in regard to a certain 
characteristic, let us say eye color, may 
be due to a difference between just two 
given genes in them rather than other 
genes. We may then call these for short 
the genes ‘‘for brown and “for blue“ 
eyes, respectively, while remembering 
that really, in both individuals, many 
other genes are present also which are 
helping to produce the exact eye colora- 
tions seen, but that these other genes 
happen to be alike in the two individuals 
in question and therefore are not caus- 
ing this particular difference, between 
this brown eye and this blue eye. 

By studying the characteristics that 
appear among the descendants in later 
generations, after individuals differing 
in regard to one or more genes have 
crossed together, the definite Mendelian 
laws and the laws of linkage governing 
the inheritance of genes have been deter- 
mined, and they are found to have a 
practically universal validity. There is 
no use attempting here to formulate in 
detail these rules and their working out ; 
this usually occupies the major portion 
of a course in genetics. It is sufBcient 
to call attention to a few pertinent facts. 

When two germ-cells that differ in 
respect to a certain gene, e,g,^ the egg 
having the gene for brown and the sperm 
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that for blue eyes, fertilize each other, 
neither gene is lost, but the resulting 
individual possesses both genes in every 
one of his cells, even though his eyes may 
show preponderantly the brown color, 
brown being said to be the dominant 
gene and blue the recessive. Half the 
germ-cells formed by an individual of 
such mixed composition (“heterozy- 
gous,^' we call him) will carry the brown 
gene and not the blue one, the rest carry 
the blue gene and not the brown, and so 
there is as good a chance for any one 
of his children to inherit the blue gene 
as the brown one. Moreover, it is found 
that neither the blue gene nor the brown 
one, when inherited by the next genera- 
tion, shows any weakening or other trace 
of its former sojourn with a gene of 
opposite character. It persists through 
the generations uncontaminated by its 
associate-genes. 

Now if the individual of dual compo- 
sition had also been dual (heterozygous) 
in regard to some other kind of gene, say 
for hair shape, having received the gene 
for curly hair from the parent that gave 
him brown eyes, and the gene for 
straight hair from the parent that 
donated to him the gene for blue eyes, 
then, although he would probably show 
moderately curly hair, nevertheless, as 
in the case of the eye colors, half of the 
germ-cells which he produced would 
carry curly and the rest would carry 
straight. However — and here lies the 
important point — not all those germ- 
cells of his that carried brown would be 
the ones carrying curly, nor would all 
those carrying blue carry straight ; there 
would be some carrying the combination, 
new perhaps for this family, of brown 
eyes with straight hair, and other germ- 
cells carrying the converse new combina- 
tion — blue eyes with brown hair. Thus, 
by crossing and recrossing individuals 
with different genes, new combinations 
of these genes will be produced in sub- 
sequent generations until all possible 
combinations of the differing genes in 


crossable individuals have been given a 
trial. Occasionally totally new effects, 
new characteristics, are thereby pro- 
duced, when some new combination is 
obtained through the unexpected inter- 
action of genes which never before had 
been tried out together, but such oases 
are rare. Were the process just de- 
scribed the only method of obtaining 
change in the characteristics, or combi- 
nations of characteristics, of organisms, 
evolution would soon reach its limit. 

On analyzing the results of various 
crosses, it is found, as might have been 
expected, that closely related individuals 
differ in respect to relatively few 
(though sometimes absolutely many) 
genes, so-called unrelated individuals of 
the same race differ in more genes (in 
fact, in about twice as many as do 
brothers or sisters), individuals of dif- 
ferent races differ in still more genes, 
and those of different species, where the 
crosses can be made and analyzed, are 
found to differ in a yet greater number. 
In each case, however, the differences are 
of the same general nature — differences 
in ordinary genes in the chromosomes, 
that normally are handed down in 
heredity in the orthodox Mendelian 
fashion. In fact, in some cases, as Baur 
and others have found, the difference 
between two members of a family may 
be in regard to the very genes which also 
distinguish two different species as a 
whole. The species-differences, then, are 
simply more abundant, and have had a 
chance to become more select (ed). And 
there is every reason to believe that the 
same is true of the differences between 
more widely separated groups (with the 
further proviso, that the number and 
arrangement of the genes, as well as 
their kind, may be different). For, in 
the course of evolution, as one species 
changed into another and then again 
into another, it would gradually diverge 
so far from its progenitors as to be 
placeable in a separate genus, then in a 
separate family, order, class, etc., al- 
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though all along differences would be 
aooruing in the same manner as before. 
If they can accrue in any other manner 
we should by this time have gotten evi- 
dence of it. But we are running ahead 
of our story, for the manner of origin of 
the differences has not yet been consid- 
ered here. 

Most of modem genetics has been 
occupied with tracing down the above 
facts'' (if this term may now be used, 
subject to the qualifications previously 
expressed). They relate essentially to 
the method of transmission, to later gen- 
erations, of gene-differences that are 
already found to exist between individ- 
uals. They show the universality of 
these differences, their comparative per- 
manence and their recombining capabili- 
ties. But they leave untouched what 
now becomes the major question — how 
do such differences originate in the first 
place f What is the origin of variations? 

A hitherto rather incidental, yet very 
important, part of modem genetics has 
had to do with the problem just raised. 
It has been discovered definitely that 
differences between genes do arise, de 
nova^ as it were. That is, not all the 
gene-differences now existing in a popu- 
lation have existed in it from the begin- 
ning. New differences are continually 
arising, somehow, and the differences 
now existing have undoubtedly arisen in 
the past in a manner similar to these. 

Each gene-difference arises suddenly 
and full-fledged, though we may not be 
aware of it at once. Thus, in a popula- 
tion of gray-colored mice, suddenly, in a 
certain cell of one individual, one of the 
genes whose cooperation is necessary for 
the production of the gray color under- 
goes a change into a gene of different 
composition that tends, in its interaction 
with the other (unchanged) genes for 
e<flor, to produce a yellow tinge instead 
of a gray. In this single cell, however, 
the change will not be observed by us. 
Bht if this cell, or one of the cells de- 


rived from it, happens to be a germ-cell, 
an offspring-individual may be formed 
in the next generation all of whose cells 
carry this new gene. Then if the new 
gene is dominant (as it happens to be in 
the case of yellow versus gray in mice) to 
the old gene for gray which the offspring 
has received from its other parent, the 
coat of the new animal will be yellow, 
and we will see that a mutation has 
occurred. But if the new gene had been 
recessive, the gray dominant, the off- 
spring would have appeared gray like 
its parents and we should not yet have 
been aware of the mutation. The new 
gene might persist none-the-less, and be 
inherited by generation after generation 
in invisible fashion, being meanwhile 
^‘dominated over" by the gray from the 
other parent. If in a later generation 
two descendants both of which carried 
the mutated gene happened to mate to- 
gether, an egg with the yellow might 
become fertilized by a sperm also carry- 
ing yellow, neither, therefore, carrying 
the dominant gray, and from such a 
union a visibly yellow offspring would 
emerge for the first time. A mutation, 
when recessive, may accordingly fail to 
manifest itself for many generations, or 
may never have a chance to show itself 
at all, before the line of individuals car- 
rying it becomes extinguished. (It has 
been shown by Fisher that most muta- 
tions must meet this mute inglorious 
fate.) 

The new gene, once it has arisen, is 
ordinarily as stable as the old. The 
change is definite and fixed, evidently of 
a chemical nature. Once it has occurred, 
we have a new mutant gene which will 
eventually either spread throughout the 
population or be killed off, according to 
whether the individuals which carry it 
reproduce more offspring or fewer. 

The effects of mutations are of course 
as varied as the gene-differences which 
are found to occur within populations, 
since these gene-differences originated by 
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mutation. Some gene-differences, some 
mutations, produce large and startling 
effects, like growing a leg on a fly^s fore- 
head. Some affect the whole body in 
practically all its parts, others change 
two or three characters, others appar- 
ently but one. But the less conspicuous 
changes, the insignificant effects that are 
easily overlooked, or that even, in many 
individuals, quite overlap the normal 
type, seem at least as apt to occur as do 
the pyrotechnical varieties. Evidence is 
not lacking that physiological changes, 
and changes that can only be detected 
physicochemically, are probably as fre- 
quent as changes in visible structures, 
but geneticists have till now had to have 
a predominantly morphological training, 
and anyhow the morphological is easier 
to see and deal with. It would be absurd 
and scholastic to try to classify muta- 
tions according to the nature of their 
effects. A mutation can do practically 
anything that life can do — or at least a 
little of it, for life is built out of muta- 
tions. 

IV. The Randomness or Mutations 

The statement just made does not 
necessarily mean, however, that the 
average mutation does very much in the 
furthering of life. You will recall that 
perhaps the biggest question among the 
older schools of evolutionists was this: 
Do variations have a tendency to be 
adaptive, to further life? Is there any 
evidence in them of an internal or exter- 
nal adapting or perfecting principle, coll 
it what you will? Any kind of inheri- 
tance of acquired characters, orthogene- 
sis, direct adaptation of the germ-plasm 
to environment, or single-stepping origi- 
nation of species requires this. What do 
the data on the actual occurrence of 
mutations show? 

They show just the opposite, and in 
BO doing they support Darwin. The vast 
majority of observed mutations are posi- 
tively detrimental, and handicap the 


individual less or more in the struggle 
for the survival and reproduction. In 
fact, as Altenburg and I showed in some 
studies on the fruit-fly, Drosophila, in 
1919, by far the greater number of de- 
tectable mutations in it are actually 
lethal: their effect is to kill the animal 
before it becomes adult (though of 
course their effect may be prevented if 
they are recessive and if the dominant 
normal gene has been received by the 
individual from its other parent). Evi- 
dence is accumulating that the same 
situation probably holds in other forms 
of life. Now this is just what we should 
expect, and did expect, on the basis of 
the theory that a mutation is a chemical 
change in a gene, occurring at random, 
as it were — that is, without reference to 
the effect that would be produced, 
a-teleologically. Suppose you prod the 
innards of a watch at random — ^bring 
about some alteration in ignorance of the 
effect it may have. Are you likely to 
make it a better-running watch? A 
change, purely accidental in this sense, 
wrought in any complicated organization 
is more likely to injure or wreck than to 
improve that organization for the spe- 
cific function (in the case of life, multi- 
plication) which it subserves. But, 
unless the organization has reached its 
absolute maximum of efficiency already, 
there will still remain some changes, and 
therefore some random changes, that will 
help. And so, occasionally, when your 
watch has stopped or is running poorly, 
you may knock it, prod it, or drop it, 
and find that, by the lucky replacement 
of a cog, or the displacement of a sand 
grain, it starts up merrily again. We 
shall return to this topic later. Mean- 
while, we stand on our data : despite the 
staggering complexity of adaptation in 
living things, the vast majority of muta- 
tions are, as is to be expected, anti- 
adaptive. 

It will not suffice, however, simply to 
call the changes * ^accidental. ’ * An aeoi^ 
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dent ifl •omething whose cause was inde- 
pendent t)f something else you are inter- 
ested in, but every accident has its cause 
just the lame. And so we return again 
to our perennial question: What is the 
cause of mutations? Evidently, we may 
now say, not any outer or inner tendency 
toward perfection of the life force, but 
that does not help us very much, scien- 
tifically. The mutations whose origina- 
tion has been known to geneticists have 
been on the whole very scattered and 
sporadic, so that little of definite infor- 
mation could be obtained, by collecting 
these observations, concerning the condi- 
tions which may have been contributory 
to their occurrence. The trouble was 
that mutations having a conspicuous 
visible effect are so very rare anyway 
that onotdoes not find enough in any one 
experiment to ''count.'' However, the 
very negativeness of this result, and the 
varied character of the mutations as 
they did occur, suggested that their 
occurrence had little or no relation to the 
ordinary variables of the environment. 

Alteaburg and I, in the work previ- 
ously ailuded to, undertook a more syste- 
matic test of the possible effectiveness of 
temperature, by using a technique by 
which' we could count the occurrence of 
lethal mutations, since we found these 
arose so much oftener as to be countable, 
and we obtained results indicating, 
though not proving, that a rise in tem- 
perature caused a slight increase in 
mutation frequency, even as it hastens 
chemkal reactions. Later evidence 
seems to substantiate this, but the result 
at best scarcely goes far enough to afford 
a workable handle for the study of muta- 
tion phenomena, since the numbers 
obtained even here are so trifling In 
respqnse to the great expenditure of 
teetoical effort necessary. In addition 
to this work, efforts have been by no 
menus lacking, on the part of numerous 
invaitigators, to find the cause, or a 
eanae, of visible mutations, by trying all 


sorts of maltreatments in the attempt to 
produce such changes. In the course of 
this work, animals and plants have been 
drugged, poisoned, intoxicated, ether- 
ized, illuminated, kept in darkness, half- 
smothered, painted inside and out, 
whirled round and round, shaken vio- 
lently, vaccinated, mutilated, educated 
and treated with everything except 
affection, from generation to generation. 
But their genes seemed to remain 
oblivious, and they could not be dis- 
tracted into making an obvious mistake 
in the reproduction of daughter genes 
just like themselves. The new genes 
were exact duplicates of the old ones, 
showing no demonstrable mutations, or 
at most such a scattering few as might 
have occurred anyhow. 

Either the technique used for finding 
the mutations was inadequate, or the 
treatments had little or no effect upon 
the composition of the genes, or both, 
and I am inclined to think the latter is 
correct. And yet mutations certainly do 
happen, even though rarely. In the ex- 
amination of over twenty million fruit- 
flies, not specially maltreated, over four 
hundred visible mutations have been 
found. These mutations must have 
causes. What then can the causes bef 
What subtle conditions are they, ap- 
parently so independent even of violent 
injury and of other drastic and obvious 
changes in the physiological or patho- 
logical state of the organism? In going 
over the data on mutational occurrences 
in Drosophila the present writer in 1920 
reported the finding of evidence that in 
this fly, when a mutation occurred in a 
given gene of a cell, not only did the 
hundreds or thousand of genes of other 
kinds in that cell remain unchanged, but 
even the twin gene of the other set in the 
same cell — i.e., the originally identical 
gene that the individual had received 
from its other parent — remained un- 
changed also. Here, then, are two genes 
of identical chemical composition, lying 
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very close to one another in the same cell 
— on the average less than a thousandth 
of a millimeter apart — and one of them 
is caused to mutate but its duplicate is 
not. Neither do the identical genes in 
neighboring cells mutate. Evidence for 
this same kind of occurrence has been 
adduced in other organisms. Why do 
not the same general conditions, acting 
on the same materials, produce every- 
where the same results? If events in 
this sphere are apparently so indeter- 
ministic, is it any wonder that we could 
not in our previous trials, by the appli- 
cation of definite conditions, produce 
definite mutational results? 

In view of these accumulating find- 
ings, the conclusion seemed to me to 
become increasingly probable, not that 
mutations were causeless, or expressions 
of **the natural cussedness of things,'* 
or of the devil, but that, as Troland had 
suggested prior to the finding of this 
evidence, they were not ordinarily due 
directly to gross or molar causes, but 
must be regarded as the results of indi- 
vidual ultramicroscopic accidents — 
events too far removed from us in fine- 
ness to be readily susceptible to any 
exact control on our part. In other 
words, an appeal was made to the newly 
found world of the little to which I 
alluded in the beginning, and which the 
old-line biologist and philosopher do not 
always take sufficiently into considera- 
tion. 

The genes are not only protected by a 
cell membrane but by a nuclear mem- 
brane inside of that, and possibly again 
by a chromosomal envelope of some 
kind; they may be well shielded, there- 
fore, from the reach of any poisonous 
substances or unusual products of me- 
tabolism. They can not, however, escape 
the interplay of the helter-skelter 
molecular, atomic and electronic motions 
that are continually taking place both 
within and around them, on the part of 
the substances of which they and their 


neighbor molecules are naturally com- 
posed. Nor can they escape the buffet- 
ing action of the electromagnetic stresaes 
and strains occurring through space in 
the field in which they lie immersed. 
These various exchanges of energy are 
not, it is evident, ordinarily consequen- 
tial enough, or the energy is not directed 
in suflBciently telling ways, to so distort 
a gene as to change its composition per- 
manently. Occasionally, however, such 
a change does occur, and subsequent 
generations tell the tale. 

V. X-Rays a Cause op Mutations 

If this general conception of mutation 
is valid we must regard it as being 
merely a kind of placing of the problem ; 
we should not yet know just which were 
ordinarily the critical processes con- 
cerned, still less the exact steps involved. 
The conception carries with it, however, 
suggestions for further experimental in- 
vestigation. For among the agents of an 
ultramicroscopically random character, 
that can strike willy nilly through living 
things causing drastic atomic changes 
here and passing everything by unal- 
tered there — not a ten thousandth of a 
millimeter away, there stand preemi- 
nently the X- or y-ray and its accom- 
plice, the speeding electron. There is 
nothing in protoplasm which can effectu- 
ally stop the passage of X-rays or the 
related waves of shorter wave-length — 
gamma and cosmic rays. For the most 
part, in a cell, the rays will pass through • 
but at isolated, unpredictable spots, de- 
pending upon unknown ‘‘chance" de- 
tails of energy-configurations, a definite 
portion, a “quantum," of the rays will 
be held up, and part of the energy thus 
absorbed will issue forth in a hurtling 
electron, shot out of the atom that >stood 
in the way of the radiation. The atom 
will be changed thereby, and hence the 
molecule in which it lies may undergo 
a change in its chemical composition. 
But for every atom thus directly 
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changed there are thousands of other 
atoms changed indirectly. For the 
electron, shot out like a bullet (except 
far faster), tears its path through 
thousands of atoms that happen to lie in 
its way, leaving in its wake a trail of 
havoc before it is finally stopped. In 
this process, many of the atoms through 
which the electron tears have one or 
more of their own electrons tom out or 
dislodged from their proper places ; this 
change in the structure of the atoms 
often causes them to undergo new chemi- 
cal unions or disunions that in turn alter 
the composition of the molecules in 
which the atoms lay. If a gene is a 
molecule, then, with properties depend- 
ing upon its chemical composition, it can 
be shot and altered by the electrons 
resulting from the absorption of X-rays 
or rays of shorter wave-length. The 
only question would be, can enough 
mutations be caused in this way to be 
detectable by our present methods, with 
doses of rays small enough not to kill or 
sterilize the treated organism f 

With these points in mind, the author 
undertook in the fall of 1926 a series of 
experiments designed to test the question 
at issue. The fruit-fly. Drosophila, was 
used, since it is so easily and rapidly 
bred in large numbers and since it ren- 
dered possible the employment of special 
genetic technique for the finding of 
mutations, that had been elaborated in 
the course of my previous work on link- 
age and mutation in this organism. 

It would take us too far afield here to 
examine this technique in detail. Stocks 
of flies had been made up containing in 
given combinations certain genes with 
conspicuous effects which would serve to 
notify the investigator that the chromo- 
some under consideration was present. 
On making given crosses of these stocks 
with other stocks various combinations of 
eharacleristics would be expected in the 
first and following generations. If flies 
with seme particular expected combina- 


tion were, however, absent from a given 
culture, it would mean that a mutation 
had occurred that had given rise to a 
lethal gene — one that had killed the flies 
containing it before they had a chance 
to hatch. By noting which combina- 
tions were missing it could be deduced 
which chromosome of the fly the lethal 
was in, and at what place in the chromo- 
some it lay. On the other hand, mutant 
genes having visible instead of lethal 
effects would be detectable through the 
appearance of the visible variations, and 
these too could be traced to their chro- 
mosome position through studies of the 
nature and frequency of the combina- 
tions in which they appeared. Mutant 
genes that were recessive to the normal 
type, however, and most mutations are 
recessive, would not have a chance to be 
seen or found until the second or third 
generation of offspring, subsequent to 
their origination. The reason why reces- 
sive mutations are not evident at once 
has been explained previously. 

In these experiments the adult flies — 
in some cases the males, in other cases 
the females — were placed in gelatin 
capsules and subjected to doses of 
X-rays so strong as to produce partial 
sterility, though the other functions of 
the flies are not noticeably disturbed by 
a dose several times stronger than used 
here. The treated flies were then bred 
to untreated mates, and at the same time 
numerous control matings of the same 
genetic type were carried on for com- 
parison, consisting of untreated males 
crossed by untreated females. Thou- 
sands of cultures were used in this and 
subsequent experiments, in order, if 
possible, to settle the matter beyond any 
doubt. 

The results in these experiments were 
startling and unequivocal. To the toil- 
ing pilgrim after plodding through the 
long and weary deserts of changeless- 
ness, here indeed was the Promised Land 
of Mutations. All types of mutations, 
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large and small, ugly and beautiful, 
burst upon the gaze. Flies with bulging 
eyes or with flat or dented eyes; flies 
with white, purple, yellow or brown 
eyes or with flat or dented eyes; flies 
curly hair, with ruffled hair, with parted 
hair, with fine and with coarse hair, and 
bald flies ; flies with swollen antennae, or 
extra antennae, or legs in place of an- 
tennae; flies with broad wings, with 
narrow wings, with upturned wings, 
with downtumed wings, with out- 
stretched wings, with truncated wings, 
with split wings, with spotted wings, 
with bloated wings and with virtually no 
wings at all. Big flies and little ones, 
dark ones and light ones, active and 
sluggish ones, fertile and sterile ones, 
long-lived and short-lived ones. Plies 
that preferred to stay on the ground, 
flies that did not care about the light, 
flies with a mixture of sex characters, 
flies that were especially sensitive to 
warm weather. They were a motley 
throng. What has been donet The 
roots of life — the genes — had indeed 
been struck, and had yielded. 

It must not be supposed that all the 
above types appeared congregated to- 
gether in one family. The vast majority 
of the offspring that hatched still ap- 
peared quite normal, and it was only by 
raking through our thousands of cul- 
tures that all these types were found. 
But what a difference from the normal 
frequency of mutation, which is so pain- 
fully low I By checldng up with the 
small numbers of mutants found in the 
numerous untreated or control cultures, 
which were bred in parallel, it was found 
that the heaviest treatment had in- 
creased the frequency of mutation about 
150 times — that is, an increase of 15,000 
per cent. 

VI. Similarity of the X-Bat to the 
Natural Mutations 

Yet -these mutations were obviously of 
the same general nature as the spon- 


taneous mutations that occut without 
X-ray treatment. This was ' shown by 
the fact that in many cases dhanges had 
been produced which were undoubtedly 
identical with spontaneous variations 
which had been found in the previous 
history of the Drosophila work; the 
effects in these cases appeared identical 
in every particular, and the method of 
inheritance, the position of the gene con- 
cerned in the chromosome, was found to 
be the same. In fact, in the diromosomc 
which has been subjected to the most 
intensive study (the X chromosome), the 
majority of all the well-known mutations 
that had previously been found by the 
dozen or so active investigators in the 
course of fifteen years now were found 
to have arisen over again in the cultures 
of X-rayed flies here. Besides these 
reappearances there were of course many 
new types also, more new types than old, 
but it ^ould be remembered in this con- 
nection that new types are continually 
being found, though with far lesser fre- 
quency, in the untreated material also. 

The new types of mutations, like the 
old, conformed in their generd expres- 
sion and mode of inheritance to certain 
general principles which I hav® previ- 
ously observed to hold in the case of the 
mutations occurring in untreated mate- 
rial. One of these principles was that 
the great majority of the mutations — of 
X-ray as well as of natural origin — are 
recessive to the normal type, despite the 
presence of a rather small minority of 
dominants. Thus the technique of 
breeding out through a number of gen- 
erations in order to find the mutations 
was found to be justified. And it may 
be remarked here that if human beings 
are affected by X-rays in the same way 
as flies, we can not expect to find much 
evidence of a mutational effect ofi$X-rayt 
on them from data derived only fsom the 
first, or even the first, second and third 
human generations, and such a nsgntive 
result vnll therefore by no meaiM indi* 
cate a lack of significant genetic efleet. 
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The aecond principle observed was 
that the X-ray mutations, like the nat- 
ural ones, included both inconspicuous as 
well as conspicuous changes, changes of 
slight or almost imperceptible degree as 
well as striking changes of structure or 
quality, and changes that registered 
their effect, so far as could be deter- 
mined, only in slight lowerings of the 
general vitality, as well as those that 
were more graphically describable. If 
anything, the more easily overlooked 
effects were the more frequent 
A third principle noted was that most 
of the X-ray mutations were in some way 
detrimental to the animal in living its 
life — ^they were steps in the wrong direc- 
tion in the struggle for existence. This 
finding has already been discussed in the 
case of the natural mutations, and it has 
been explained that this is just what is 
to be expected, on the whole, of changes 
that occur at random, accidentally, “by 
chance “ — I care not what term you wish 
to use to describe the idea that they 
occur without reference to their conse- 
quences, unadaptively, and hence are 
more likely to be “wrong” than “right” 
changes, just because there are more 
wrong roads than right roads to follow, 
and because, as is well known, the right 
road is apt to be the narrower. In the 
case of the X-ray mutations it is easily 
seen that, if the change occurs as I have 
pictured it, it miLsi occur accidentally, 
without reference to the possible advan- 
tage or disadvantage it would confer, 
since the shooting electrons let loose by 
the X-rays are coursing helter-skelter 
through the cell, quite blindly, and are 
just as apt to hit one gene as another, 
to strike it either on its left or its right 
side, through its heart or its appendix, 
so to speak, and so will cause one change 
or another indiscriminately. We have 
in the X-ray mutations, then, a group of 
variations which seem necessarily to be 
random, and hence would necessarily be 
mostly detrimental. In view of this, it 


is interesting to compare with them in 
this respect the natural mutations, and 
to note that, so far as our evidence goes, 
the natural mutations have, on the aver- 
age, every bit as much tendency to be 
detrimental as the X-ray mutations have. 
The obvious conclusion is that the nat- 
ural mutations too must be random 
changes, in the same sense that the X-ray 
mutations are. 

As in the studies on natural muta- 
tions, BO too among our artificial ones, 
the great majority were lethal — they 
killed the fly before it ever hatched, ex- 
cept where there was a normal gene from 
the other parent to dominate over the 
lethal and save the fly*s life, so that it 
could be bred and the method of trans- 
mission of the lethal studied. The 
changes in wings, eyes, etc., previously 
mentioned were only the exceptional 
visible changes, culled from out of a 
great mass of lethals. Thus, although 
the great majority of the descendants of 
X-rayed flies that lived looked normal, 
many of them carried, hidden by the 
dominant normal gene, a recessive lethal 
gene. And if we count up all these 
lethals wo find that the majority of the 
offspring of heavily X-rayed flies are not 
really normal in their genes after all, for 
something over 60 per cent, of them con- 
tain some kind of lethal mutation that 
will not work its destruction until a still 
later generation. This too deserves 
being considered in its bearing on X-ray 
effects in the case of human beings. 
Now previous studies of Altenburg and 
myself on natural mutations have shown 
that among them too, although the total 
frequency of mutations is so much 
smaller, nevertheless the number of 
lethals is just as large, relatively to the 
number of other, visible mutations 
which occur naturally, as it is among the 
X-ray mutations. As the lethals differ 
from the others, after all, merely in 
being more detrimental, this result sim- 
ply means again that natural mutations 
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are just as apt to be very detrimental, 
i,e,, lethal, as are X-ray mutations, thus 
confirming what I have called the 
*‘accidentar* character of the natural 
mutations. 

The descendants of the X-rayed flies 
have been bred through many subse- 
quent generations. It has been found 
that, where a gene was not caused to mu- 
tate in the first place, it will not show a 
subsequent tendency to mutate, without 
further treatment, i.e., there is no per- 
ceptible after-effect on the genes that 
escaped an immediate hit. On the other 
hand, those genes that were hit and mu- 
tated now breed true to their new type, 
which in the great majority of cases 
gives evidence of being as stable as the 
original type was before treatment. We 
now have in the laboratory various mu- 
tant races of flies, derived from our 
earlier X-ray experiments, which have 
passed through something like fifty or 
more generations since the time the mu- 
tation took place, and there has been no 
sign in them of any tendency to revert 
back to the originally normal condition. 
They have their own, new norm; they 
are real, new variants. The new forms 
are permanent, in so far as the word 
permanent may be applied legitimately 
to living things. And when crossed to 
other forms, the new differences obey the 
same laws of Mendelian and chromo- 
somal inheritance as do the gene-differ- 
ences existing between natural varieties. 

VII. The Nature and Signipicanck op 

THE Genetic Effect of Radiation 

It might perhaps be contended in some 
quarters that while the artificial muta- 
tions may be similar in some respects to 
natural ones, and even identical with 
some natural ones, yet they may not be 
similar to those particular natural muta- 
tions which may be termed “progres- 
sive'': the mutant genes resulting from 
which survive, multiply and thus become 
a part of the heritage of an evolving 


species. Such claimants would bold 
that the X-ray action is necessarily 
structive, causing only loss and injury, 
and that thus it can work only ham, ar 
at least can cause no indefinite amotmt 
of progress in organization. Such a eon- 
tention would rest upon a misconception 
of the action of the X-ray, for it can be 
shown that the speeding electron is 
capable of imparting energy to other 
atoms through which it goes, and that 
the resulting chemical changes may be 
of a synthetic character as well ofi other- 
wise. However, since we can not analyze 
chemically the real nature of the changes 
involved in the production of mutations 
by X-rays, empirical evidence on the 
question at issue is called for, and that is 
what we have been trying to obtain. 

It is evident, as my wife has suggested, 
that if the change induced by X-ray 
from, say, a gene designated as large A, 
to a mutant gene of different composi- 
tion, designated as small a, has really 
involved a destructive process or a loss, 
then the opposite change, from small a 
to large A, must, conversely, involve a 
constructive process or a gain. With 
this question in mind, Professor J. T. 
Patterson and I have been engaged in 
some extensive irradiation experiments 
involving particular characters. The 
character which we have used most is 
the recessive mutant character termed 
“forked bristles" (f), as compared with 
the dominant normal straight bristles 
(P). The evidence is now positive and 
convincing that the X-rays not only in- 
duce the mutation of straight bristles to 
the recessive forked, but also the pre- 
cisely opposite type of change: namely, 
forked bristles to the dominant straight, 
and abundant controls have shown that 
it is really the X-rays which are the in- 
ducing agent. Similar but less exten- 
sive findings have been made in the case 
of the mutant character called ^^soutt*^ 
and its normal alternative “non-scute.*^ 
The mutations arising as a result of X# 
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raying are, therefore, not merely de- 
structive changes, not merely losses. If 
some are losses, others, then, are gains. 
Doubtless, as in the case of most chem- 
ical reactions, most mutations too are 
changes involving substitutions and re- 
arrangements rather than mere losses or 
gains. 

It should be mentioned that, in addi- 
tion to the changes in individual genes 
which X-rays bring about, they also 
cause — with considerable frequency, as 
Altenburg and I have shown — breakages 
of entire chromosomes or strings of 
genes, accompanied by reattachments of 
the broken-o£E fragments to different 
chromosomes or to the chromosome- 
remainder from which they were broken, 
at a different point from before. The 
rearrangements of genes thus resulting 
can be analyzed by breeding tests, and at 
the same time checked up by studies of 
the chromosomes as seen through the 
microscope — an undertaking which Dr. 
Painter and I have been cooperatively 
engaged upon during the past two years. 
In this way we have obtained light on 
the structure and behavior of the genes 
and chromosomes from a new angle, 
though space does not permit me to 
touch upon these results now.^ There 
is evidence that such rearrangements of 
chromosome parts, as well as mutations 
in individual genes, have occurred re- 
peatedly during the course of natural 
evolution. 

The question may now be raised: to 
what extent can all these results be re- 

1 The production of euch changes in ohromo- 
Bozne structure by means of X-rays has been 
confirmed by Weinstein and later by Serebrovsky 
by means of breeding tests on Drotophila. By 
means of cytological analysis, Goodspeed and 
Olson have found similar effects in tobacco, and 
so have Blakeslee and his associates in the 
Jimson-weed. The work of the present author 
and his colleagues, in studying such changes in 
DrasophUa by means of breeding tests and cyto- 
logical analysis combined, has recently been re- 
peated m an elaborate manner by Dobshansky, 
with results that are for the most part in strik- 
ing agreement with those that had been an- 
nounced by na 


garded as mere curiosities: effects con- 
fined to the mature sperm-cells of the 
fruit-fiy, and of little significance else- 
where ^ In this connection, it may first 
be pointed out that my results in pro- 
ducing gene mutations in the fruit-fiy 
were immediately confirmed by Wein- 
stein, working at Columbia University, 
later by others (Hanson, Patterson, 
Harris, Oliver) at this laboratory, and 
more recently by Serebrovsky and his 
colleagues in Russia and by Dr. and Mrs. 
Timofeef-Ressovsky in Berlin. In my 
own work, the treatments were not con- 
fined to sperm-cells, but were also ap- 
plied to the female, and it was found 
that both the mature eggs and the imma- 
ture female germ-cells (oogonia) were 
susceptible to the mutation effect. Har- 
ris has recently extended the finding to 
the immature germ-cells of the adult 
male. Patterson has found that the 
early germ-cells of both male and female 
larvae are likewise susceptible, and also 
the larval somatic cells. The latter 
finding, which has recently been an- 
nounced also by Timofeef-Ressovsky, 
opens up a whole realm of interesting 
possibilities in the production of mutant 
areas of the adult body, derived from 
cells of the treated embryo — such effects 
as might result, for instance, in an indi- 
vidual with eyes of different colors, or 
with parts of the same eye different. 
Casteel has been making an anatomical 
analysis of these latter effects through 
microscopic sections of the eye. The 
production of mutations by X-rays is 
thus a general effect for Drosophila, 
producible in all kinds of cells in that 
organism. What, now, of the generality 
of the effect on other organisms? 

I need not, perhaps, remind the gen- 
eral reader of the fact that all the prin- 
ciples of heredity so far discovered in 
the fruit-fly — the favorite experimental 
object of many modem geneticists — ^have 
proved applicable to animals and plants 
in general It is more to the point to 
mention that investigators elsewhere, 
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working on other organisms, have now 
reported results of the same kind as 
those now in question. Thus, Stadler, at 
the University of Missouri, was inde- 
pendently attempting to induce gene- 
mutations in barley and in com by 
means of X-rays and radium at the same 
time that I was doing my first experi- 
ments along these lines on flies, and he 
has found indubitable evidence of the 
production of gene-mutations in mono- 
cotyledonous plants by both these means. 
Following my work on flies, Whiting has 
obtained positive results by the use of 
X-rays on wasps. Blakeslee, Buchholtz 
and the others of this group have a mass 
of interesting mutation results from X- 
rays and radium applied to the Jimson- 
weed. Datura, that extended the findings 
concerning lethal as well as visible muta- 
tions to dicotyledonous plants. With 
these so widely separated bits of the 
living world sampled and all responding 
positively,* it is a reckless critic who still 
would cast a doubt as to the probable 
generality of the phenomenon. 

Radium rays, like X-rays, produce 
mutations, because they too, being short- 

3 Tho work of Little and Bagg on mice 
treated with radium, first announced in 1923, is 
not referred to in the above list, as the results 
were inconclusive, probably on account of the 
very small dosage of X-rays used and the breed- 
ing technique employed. Only 2 kinds of 
''mutations'' demonstrated to be separate were 
found among the descendants of the 12 treated 
parents, and one of these occurred also among 
the descendants of the 5 control parents. Both 
may have been "latent" in the stock be- 
fore treatment. One of these "mutations" 
seemed to have numerous and variable ef- 
fects, dependent perhaps upon various "modi- 
fiers" hidden in the original stock. It 
should be remembered by the reader in evalu- 
ating these various changes, in kidneys, feet, 
etc., some of which have been described sepa- 
rately, that all of them together are equivalent 
to only one mutation, and that the latter may 
not have been of recent origin. In a repetition 
of this work with dosage similar to that orig- 
inally used, MacPowell and his colleagues have 
found no evidence of the production of muta- 
tions. A stronger treatment, or a more exten- 
sive experiment, might well be necessary before 
the effect could be clearly demonstrated. 


wave-length high-frequency electromag- 
netic waves of great energy content, re- 
lease high-speed electrons, and the cosmic 
rays, which are still more extreme in 
these same respects, and so release elec- 
trons of still higher speed, must neces- 
sarily act likewise. For, as Hanson has 
shown in experiments with radium, the 
number of mutations produced depends 
simply on the number of electrons re- 
leased and the speed and distance they 
travel (i.e., on the total energy of ioniza- 
tion) regardless of the source of the 
electrons. Oliver, too, in experiments 
with X-rays in our laboratory, has ob- 
tained evidence that the number of mu- 
tations produced is directly proportional 
to the dosage of radiation used, and 
Stadler work points in the same direc- 
tion. This being true, there being no 
evidence of a minimal or threshold*' 
dosage, we are forced to conclude that 
the minute amounts of natural radiation 
present almost everywhere in nature — 
some of it of terrestrial origin, derived 
from the radium and other radioactive 
substances in earth, water and air, and 
a smaller part of it of cosmic origin, ap- 
parently derived from the diffuse and 
distant factories of matter — all this 
natural radiation must be producing 
some mutations in the living things on 
the earth. These mutations must be 
very scattered and very infrequent in 
proportion to the total non-mutated 
population, just because the amount of 
natural short-wave-length radiation is 
very small at any one place, but, con- 
sidering the extent of the earth and the 
multiplicity of living things, the total 
number of mutations so produced per 
year must be very considerable. It can, 
therefore, scarcely be denied that in this 
factor we have found at least one of the 
natural causes of mutation, and hence 
of evolution. 

How important is this cause rela- 
tively T Is it the sole cause of evolution t 
We do not yet know. Returning to the 
investigation of the possible effectiveness 
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of poisons and other influences than X- 
rays, I have, during the past two years, 
tried out a number of drastic treatments, 
using a refined genetic technique similar 
to that in the X-ray experiments, which 
would have allowed of the detection of 
lethals and other mutations with far 
greater ease, and therefore in greater 
abundance, than in the inconclusive ex- 
periments of the past. Included among 
the treatments were heavy doses of man- 
ganese and of lead salts, which had been 
claimed by J. W. H. Harrison (on the 
basis of what appeared to me genetically 
unconvincing data) to produce visible 
mutations in butterflies. There was also 
included a repetition of the experiments 
recently reported by Morgan, Sturtevant 
and Bridges, who suspected that they 
had been able to cause visible mutations 
in the germ-cells of red-eyed flies by in- 
juring their eyes with a hot needle, an 
operation which was followed by a re- 
lease of the optic pigment and its distri- 
bution throughout the body.® But our 
trials of all these and various other agen- 
cies have given negative results, and it 
is becoming a question where to stop. 

On the other hand, it seems to be true 
that other conditions, internal and per*- 
haps also external, accompanying an X- 
ray treatment, can somehow affect the 
sensitivity of the cells to that treatment. 
Thus Stadler finds that the sprouting 
cells of seedlings have mutations pro- 
duced in them in much greater abun- 
dance, by a given dose of X-rays, than 
do the dormant cells of seeds, though 
some mutations are produced in both.® 
Yet in the case of flies both Hanson and 
Harris, working independently, find that 
the genes of growing immature male 

8 They announoe that they have recently been 
elaborating upon this work by eimilar teets on 
fliee with other eye colors, and by artiilcial in- 
jection of aubstances derived from the eye. 

* It ia probable that a part, at leaat, of these 
apparent differences are due to a relatively 
lower multiplication rate on the part of most 
mutated immature germ-cells, as compared with 
the non-mutated ones. 


germ-cells are far less sensitive to the 
mutating effect of radium or X-rays 
than are the dormant genes in mature 
spermatozoa.® I find that the genes in 
the spermatozoa of the adult male are 
also more sensitive than those in the 
germ-cells of the female, or than those in 
the germ-cells of the larval male.® There 
seems to be even more difference in their 
sensitivity to the gene-rearranging effect 
of the rays than in their sensitivity to 
the transmuting effect on individual 
genes. The activity of metabolism, how- 
ever, varied by starving, and by feeding 
and mating the female, had no per- 
ceptible influence in my experiments, 
and, as both Stadler and I have found 
independently on barley and flies re- 
spectively, extremes of heat or cold ap- 
plied at the time of treatment have little 
or no effect. 

Thus the study of the physiology of 
mutation-production is opening up, 
though as yet in a very empirical stage. 
And meanwhile, X-rays and their rela- 
tives remain the only prime cause of 
mutations yet known. Whether radia- 
tion furnishes the exclusive motive 
power of evolution can eventually be 
ascertained definitely, through pains- 
taking quantitative determinations of 
the mutation frequencies existing in the 
presence of extremely minute amounts 
of radiation. As stated in some previous 
publications from our laboratory we 
have experiments projected which we be- 
lieve will test this question in flies. 

Since, however, mutations in general 
bear all the earmarks of the X-ray muta- 
tions, then, even if not all of them have 
actually been produced by radiation, it 
seems legitimate to use the readily ob- 
tainable X-ray (radium, etc.) mutations 
as the handle by which to study them. 
These X-ray mutations are certainly 
accidental, being produced by ultra- 
microscopic events, not individually con- 
trollable, that take place without refer- 
ence to the outcome or the advantage for 
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the organism. The natural mutations — 
5(?me of which we know must be due to 
radiation — are on the average equally as 
detrimental, and of the same general 
nature, so far as their effects are con- 
cerned, as the X-ray mutations. Can we 
then escape the conclusion that they are 
accidental in the same sense, and that 
specific mutations are therefore not dic- 
tated by any ‘‘adaptive reactions’^ or 
other specific responses of the organism 
to climate or to any other features of its 
mode of life ? 

Due, then, to the tremendously magni- 
fied effect which one tiny gene can 
produce through the processes of growth 
and development, we have a molar inde- 
terminism, in the origination of genetic 
variations, resulting from an ultramicro- 
scopic determinism. (We will not quar- 
rel here about whether or not a Heisen- 
bergian “principle of uncertainty” lies 
beneath the latter in turn.) But now 
“natural selection” sets to work, weed- 
ing out the many disadvantageous mu- 
tants here, allowing the multiplication 
of a few advantageous mutants there, 
until again from all the maze of variants 
we have organization returning, advanc- 
ing, and so, as a statistical consequence, 
there results a kind of higher molar de- 
terminism, finally governing many fea- 
tures of the actual evolution of the spe- 
cies. Thus we are sometimes furnished 
with such regular sequences of forms as 
seen in the gradual modification of the 
horse’s foot, or in the shells of some 
mollusks, where a knowledge of one part 
of the series enables us pretty closely to 
compute the rest. 

VIII. The Role op Multiplication 
AND OF Selection in Turning 
Accident into Order 

It does, at first sight, seem incredible 
that all the marvelous organizations in 
the living things about us could have 
been put together by anything partaking 
of the nature of accident. But we must 


remember that it did not fall together 
all at once, and that it was all made pos- 
sible by that almost magical property 
which life owes to the gene — the power 
of multiplication of mutated individuals. 

For many millions of years, blind 
chemical forces must have acted and in- 
teracted in early times to build up ever 
different and more complicated organic 
compounds and systems of compounds. 
A turning-point was reached when from 
these shifting combinations those self- 
multiplying yet mutable materials which 
we call genes happened to become 
formed. From that time on the differ- 
ent genes, or the little systems of organic 
matter containing an association of 
genes, would necessarily enter into a de- 
structive competition for multiplication 
against each other, until, step by step, 
through mutation, or the alteration of 
the gene, and heredity, or the multiplica- 
tion of the gene, the complicated life of 
the present day became differentiated. 

It will be worth our while now to ex- 
amine more closely just how it is really 
the peculiar power of multiplication of 
mutant forms which turns this trick of 
converting accident into order, by mak- 
ing such very extraordinary combina- 
tions of accidents possible as could not 
otherwise occur. For some reason, this 
fundamental feature of the matter docs 
not seem to have been fully realized. 

In examining the process of evolution, 
let us be content at first to make our 
case a very simple one, and to proceed 
for a while in a very elementary fashion, 
in order to avoid confusion. Let us first 
see how just a simple combination of 
advantageous changes, or mutations, 
may be obtained in an organism. Sup- 
pose we start with some extremely simple 
organism, represented by the straight 
vertical line at the top of Diagram L 
We will now allow it to reproduce, and 
allow enough time to elapse so that some 
mutations or other will have appeared in 
each of its descendants (they need not be 
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regarded as ilrst-generation offspring). 
In our diagram these descendants are 
shown as vertical lines placed in a hori- 
zontal row just below the vertical line 
representing the ancestral individual, 
their derivation from which is indicated 
by dotted connecting lines. We may 
suppose that multiplication has brought 
about the existence of seven of these 
descendants, each with a different 
''chance’^ mutation, indicated by a dif- 
ferently shaped spot, and lettered from 
to gi- gi be taken to represent 
the ‘^good** mutation — the one of an 
advantageous nature, which is in the 
path of progress, that happened to occur 
amongst all the others of a disadvan- 
tageous or neutral kind. Now allow a 
similar length of time to elapse again, 
in which multiplication and chance mu- 
tations take place much as before. The 
individual with the ^^good'^ mutation, 
gi, thus multiplies to form seven again, 
each carrying g^ (i.e., the multiplication 
has involved the variation itself), but, in 
addition to gj, each of the individuals 
carrying it now carries a second muta- 


tion, lettered from as to g,. Among 
these second mutations we may again 
suppose that onl^ one of the seven, g,, 
is ‘‘good,'' in the combination in which 
it occurs. Thus we get a combination, 
in one individual, of two good mutations, 
gi and gj, which supposedly have prop- 
erties that “fit well together, “ interact- 
ing so as to work out advantageously in 
combination. 

Some or all of the other individuals of 
the previous generation, bearing muta- 
tions aj to fi, may also have multiplied. 
Whether or not they did would not affect 
our desired result — the attainment of the 
gi ga combination — at all, provided only 
that the g^ individual itself had been 
able to multiply and mutate as indi- 
cated. If all the individuals of the pre- 
vious generation had multiplied to just 
the same extent as the one having 
did, there would obviously have been 
7x7, or 7®, or 49, individuals formed 
bearing some combination of mutations, 
and of these forty-nine different combi- 
nations just one would be the “good" 
combination — gx gj. Accordingly, with- 
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out any ‘‘natural selection” or any dif- 
ference whatever in multiplication rate 
occurring, there would be one individual 
in forty-nine having the “good” com- 
bination. In still other words, the 
“chance” of the good combination being 
present in any particular one of these 
final individuals, in the absence of natu- 
ral selection, would have been 1/49. It 
is to be further observed that, no matter 
how few or how many of the above 
forty-nine individuals were actually pro- 
duced, the ancestors of the gi gj indi- 
vidual (namely, the gi -bearing individ- 
ual and its predecessor, the simple line) 
had multiplied at the rate required for 
doing their share in the production of 
these hypothetical forty -nine individuals. 

We may now consider what would 
happen in the case of some kind of crea- 
tures, or objects, which did not have the 
power of multiplication, but which were 
otherwise similar to the organisms just 
discussed, and like them could mutate 
(or in this case we should simply say, 
“change”). We may suppose either 
that these beings produce just one off- 
spring and then themselves di^, or that 
they are potentially immortal and 
change directly from one form into an- 
other. In either case, if their “muta- 
tional” possibilities are the same as those 
of the multiplying organisms previously 


considered, then we should have to start 
with seven of them (represented by the 
seven straight lines at the bottom of 
Diagram II) to get one having a change 
equivalent to g^. But we should have 
to be provided with seven already bear- 
ing gi in order to obtain one having gj 
in addition to gi. Since in the first 
place only one in seven come to have gx 
(or its equivalent), we should have to 
start with 7 x 7, or 7“, or 49, in order to 
get the required seven having gj (or its 
equivalent) which would in turn yield 
the one finally having both gi and g^ 
(or their equivalents). This is indi- 
cated in the diagram. (Here, for con- 
venience in examining the diagram, simi- 
lar types are grouped together, although 
chance would scatter them indiscrimi- 
nately. Also, all forms of “equiva- 
lent” type are represented as though 
identical.) 

On comparing these non-multiplying 
objects with the multiplying ones we 
then see that, to get a given kind of com- 
bination by means of a given incidence 
of “mutation,” we have to start with 
just as many, in the case of the non- 
multiplying objects, as, in the case of the 
others, would have been produced in the 
end by the entire process of multiplica- 
tion, if all individuals had multiplied at 
the rate at which the selected individuals 
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did. One out of this total number hence 
represents the chance'* that our de- 
sired combination could have come about 
purely fortuitously in any particular in- 
dividual at the end of the given lapse of 
time, no matter whether the individuals 
were of the multiplying kind or not. By 
the laws of chance, if only a few times 
this total number are given, this combi- 
nation, or one equivalent to it in excel- 
lence," is practically certain, under the 
conditions postulated, to be present in 
one or more individuals. 

Organisms, however, represent many 
more than two advantageous features in 
combination. By the same reasoning as 
the above, we may find the chance of ob- 
taining a combination of three features 
— K 2 assume again that 

the g, change is in itself, at its time of 
occurrence, about as rare as either gi 
or ga alone was: namely, of the fre- 
quency of 1 in 7. It will then be seen 
that the g^ g, individual must be al- 
lowed to go through a period (the third 
period) of mutation and of multiplica- 
tion times 7, whereupon gi gj ga "^iU 
arise. Further, it is evident that the 
rate of multiplication of the individuals 
in the line of descent that gave rise to 
the gi ga gg-bearing individual was such 
as to have given rise to 7x7x7, or 7“, 
or 343 individuals, after this lapse of 
time, only if all descendants of these an- 
cestors had multiplied at the same rate 
as they themselves had. In the case of 
non-multiplying objects, it would have 
been necessary to start with 7", or 343 
individuals, in order to get a correspond- 
ing result — an individual with a rare 
combination of three advantageous 
mutually adjusted characters, gi gs gs- 
Generalizing, we may say that if the fre- 
quency of an advantageous mutation 
were 1 in r instead of 1 in 7, and the 
number of steps involved was s instead 
of 3, the corresponding total number of 
individuals would be r*. All this is, in 
fact, only a simple application of a well- 


known and very elementary mathemat- 
ical principle applying to the formation 
of random combinations in general. 

It is not, however, until we apply this 
little formula to the natural conditions 
pertaining to our immediate problem 
that its full significance for us becomes 
clear. What shall we take as our 'V" 
(the rarity of advantageous, or “organi- 
zational" mutations) and what as our 
“ 5 " (the number of such advantageous 
mutational steps) Y 

Undoubtedly r changes its value radi- 
cally at different stages in the evolu- 
tionary sequence, but it would seem 
quite conservative to represent r, in gen- 
eral, as being as small as 100. In other 
words, it seems likely that at least 100 
mutations must usually occur before one 
occurs of such a special type that it 
could take part in the improvement of 
the life-organization. In flies (Dro- 
sophila) we find that there are some- 
thing like ten times as many “ lethal 
and “semi-lethal** as ordinary visible 
mutations, and even among the ^Wisi- 
bles,** the vast majority reduce vitality 
or lessen the chances of survival in ono 
or more ways. It is certain that not 1 
in 100 detectable mutations is advan- 
tageous in flies ; in fact, for all we know, 
the number may be more like 1 in 
100,000. 

In the case of s there are almost 
equally wide limits of uncertainty, but 
again we may arrive at a safe mini- 
mum figure. In flies I have shown that 
there are at least 1,500 different genes, 
and probably many times that number. 
There must then have been at least 1,500 
different mutations to produce these 
genes from their predecessors. This 
figure, however, seems absurdly small in 
view of the great complication bf a fly's 
anatomy, physiology and developmental 
processes. It is very likely, then, that 
there are many more genes than 1,500 
and that' each gene has had a history of 
numerous mutations, which step by step 
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have differentiated it from one original 
type of gene. Considering too that man 
is certainly much more complicated than 
a fly, we might boldly guess that there 
may have been a million or more advan- 
tageous mutational steps in his ancestry 
-(this would allow, say, 50,000 genes, in 
each of which, on the average, 20 muta- 
tional changes had occurred). Let us 
first, however, take s, for man, at the 
undoubtedly far too low minimum value 
of 1,500, and r at 100. 

Our total number, r*, thus becomes 
( 100 )i-“oo jg minimum 

number of individuals we should have to 
start with, in the case of non-multiplying 
objects, to arrive, by **puro chance, at 
one having the complication and perfec- 
tion of organization of a man. We shall 
examine later what the size of this num- 
ber implies. It is also the minimum 
number which the multiplication rate of 
the ancestors of man would have led to, 
if all the descendants of these ancestors 
had continued multiplying at this same 
rate, i.e., without selection. 

It might here be inquired whether 
such a rate of multiplication would have 
been possible or likely to occur in these 
ancestors, in the time during which life 
has existed on the earth. We know that 
life has been here for a period having an 
order of magnitude of something like a 
thousand million years, that is, a million 
millennia. If there were only 1,500 mu- 
tational steps in this time, that would 
make only one step in each 670,000 years. 
Our postulate, r = 100, requires that an 
individual in the line of descent of man 
should multiply at least a hundredfold 
between each advantageous mutational 
step that became incorporated in the 
germ-plasm, and the next one. It is ob- 
vious that far more than this much mul- 
tiplication could easily happen in 670,000 
years. For it only takes seven doublings 
to make a hundredfold multiplication, 
and the slow-breeding modem European 
has been able to double his population 


merely in the space of the last century. 
The multiplication organisms, then, 
would have no difficulty in fulfiUing 
these conditions. 

Suppose, now, we try the more extreme 
figures, r = 10,000 and s = 1,000,000, so 
that r* becomes (10,000)^-®®°'®°®. To go 
through a million mutational steps in the 
course of a million millennia would re- 
quire one mutation to become incorpo- 
rated in each millennium, or thousand 
years. It would also be necessary for 
the selected type of mutant to multiply 
by 10,000 during this period of time, and 
meanwhile to undergo another mutation. 
There can be no reasonable doubt that a 
millennium is plenty long enough for 
many another mutation to occur, in all 
the descendant germ-plasms, but how 
about the large amount of multiplication 
here required? Most lower organisms 
go through a generation in not over a 
year's time, and are able, when given the 
opportunity, to multiply many fold in a 
single generation. If, however, we sup- 
pose that the ‘‘select" individuals, those 
with “good" mutations, only increase in 
numbers, on an average, by 2 per cent, 
in each generation, then, at a year to a 
generation, each such individual would 
increase from unity to nearly two hun- 
dred million in the course of a thousand 
years. This is far beyond our require- 
ment of 10,000 times.® Thus we see that 
the multiplying organism could probably 
do much better than accumulate 1,000,- 
000 mutations during the time that life 
has already existed here, even though 
each mutation represented the selection 
of the best in 10,000.® Multiplication 

B A 1 per cent, increase, per generation, would 
giTe a multiplication of about 14,000 times in 
a thousand years. 

B Allowance must, however, be made for the 
fact that accidental elimination wipes out the 
great majority of mutant genes within a few 
generations after their origination. That la, 
the process of differential multiplication “ or 
^'selection’’ is very haphazard until a siseable 
number of individuals with the mutant gene 
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hence has probably afforded the oppor- 
tunity of obtaining an individual that 
represents a chance of even less than one 
in (10,000)^*°®°'^®°. 

It should be noticed that, for the evo- 
lution of the multiplying organisms, the 
only two required conditions have been 
the occurrence of ‘‘chance” mutations 
(which need include only a very minute 
proportion of “good” ones), and the 
ability of the individuals carrying these 
“good” mutations to multiply to an ex- 
tent which, within the limits of one gen- 
eration, need be only extremely limited, 
but which, continued over a great lapse 
of time by something akin to a geometric 
progression, because prodigious indeed. 
In this process the role of “natural se- 
lection” consists in just this : that by the 
elimination of the “unfit” individuals, 
or the restriction of their numbers, room 
is made to allow the multiplication of the 
others at the rate required to provide 
the “chance” for the remarkable 1 in 
(100)^'“®® or 1 in (10,000) i*®®®®®® combi- 
nation to appear. In other words, selec- 

happens to become established. This is, of 
course, very much more true in the case of re- 
cessive mutants than of dominants, unless there 
is very much inbreeding. (One effect of this 
would be to weight the scales of selection 
heavily in favor of dominants, leaving the re- 
oessives as the abnormal’’ forms.) 

There is another process which works In the 
opposite direction to the above, i.e., which 
hastens the "establishment” of advantageous 
mutations in the selected lines of descent. This 
process is the formation of new combinations of 
genes occurring in sexual reproduction. For the 
sake of simplicity it has been ignored in the 
above account. By its means it is made pos- 
sible that various diffevent advantageous mutant 
genes which have been multiplying simulta- 
neously in parallel, in as many different (but 
partially overlapping) sections of a population, 
can be finally combined into one line of descent. 
Thus many more mutant genes can be accumu- 
lated into one (final) line of descent, in a given 
length of time, than if all the mutational events 
and selections had to occur successively in a 
single line* Owing to this factor, the number 
of mutational steps may well have been of a 
considerably higher order of magnitude than 
1 , 000 , 000 . 


tion merely gives opportunity for the 
multiplication to proceed in the adap- 
tive or better-organized lines at such a 
rate as would, if uniformly continued 
throughout, have given the total which 
automatically contains the “desired” 
combination.^ 

If we imagine a world in which, 
through some sort of miraculous inter- 
vention, the combinations which we now 
call the “unfit” are all allowed to per- 
sist and reproduce like the others, the 
evolution of the “fit” would nevertheless 
proceed much as in our own world, so 
long as they too were granted the oppor- 
tunity to multiply as they do here. 
Thus “natural selection” would not be 
necessary for their production. But 
these “fit” or “well-organized” individ- 
uals, and lines of individuals, though in 
absolute numbers as numerous as here, 
would necessarily form but an infinitesi- 
mal fraction of all the unthinkably vast 
horde of other combinations that had 
come into existence simultaneously (just 
as in the hypothetical case of the non- 
multiplying beings, in which, if we 
started with this same final number to 
begin with, we would eventually find in- 
cluded among them by sheer accident 
creatures as complexly adapted as our- 
selves). The fact that the fit owed their 
existence to “chance” would then be 
obvious, owing to the relative smallness 
of the minority in which they existed. 
In our world, the misfits are largely 
nipped in the bud, and yet, in the sense 
just explained, we see that we too are 
really but the vanishingly small, viable, 
visible fraction of a stupendous ghostly 
army of potential creatures, involving a 
total of (100)^'®®® to ( 10,000) 1*®®®'®®®, or 

f At the lame time, we should not minlmice 
the importance of natural lelection in determin- 
ing which individuals will be allowed to multi- 
ply, and, therefore, which of the myriads of 
possible directions evolution will be sdlowed to 
take. The old analogy to the process of prun- 
ing a tree is very pertinent in this connection* 
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maybe many more, possible combinations 
of misfits. 

A little consideration may now be 
given to the size of this theoretical total 
number, to show that actually it would 
be quite impossible of physical attain- 
ment. Consequently, if there were no 
selective elimination, multiplication 
could not possibly have gone on to any- 
thing like the required extent in the 
^‘good^^ lines. Likewise, if we had had 
to do with objects that could not multi- 
ply, there could not possibly have been 
anywhere near enough of them pro- 
vided in the beginning to allow an 
organization comparable with that of a 
higher or even lower organism to be 
formed in any of them by mere 
“chance.*' 

Even the admittedly far too low mini- 
mum figure, (100)^'®®®, is of stagger- 
ingly great dimensions. If there were 
this many beings actually produced, 
then, even if each being were as small as 
an electron, and all the beings were 
packed tight together, there would not 
be nearly enough room in the entire 
Einsteinian universe, packing them in a 
hundred times beyond the limits of the 
farthest visible stars and spiral nebulae, 
for even an insignificant tittle of them. 
If we allowed each of these packed 
“creatures" to go through its entire 
evolution, of 1,500 steps, in the millionth 
part of a second, and then substituted 
another “creature" for it and gave the 
latter a like chance, and so on for a quin- 
tillion years, we still should not have 
begun to make any appreciable impres- 
sion on the above number. Neither 
should we if, in addition, each of these 
packed beings of electron size, present 
for each instant, were itself expanded 
into an entire Einsteinian universe, and 
each of these universes were then 
crammed with beings of electron size in 
its turn. In fact, we might continue 
thus expanding and subdividing worlds 
time and again without approaching sen- 
sibly close to the required figure. 


Hence, in beings without the property 
of multiplication of variations, and its 
corollary, natural selection, any such 
incredible combination of accidents as 
ourselves would have been totally impos- 
sible of occurrence within the limits of 
practically any number of universes. 
We are thus really justified in feeling 
that we could not have fallen together 
by any accident of inanimate nature. 
But, given the power of multiplication 
of variations resident in “living" 
things, due to their genes, and all this is 
changed, and we are enabled to enjoy 
the benefits — such as they may be — of 
being the select of the select, such as it 
would have taken a surpassingly vast 
number of worlds to search through, 
before our match could be found any- 
where by the ordinary processes of 
chance. In that way, I hope, the meta- 
physician may reach his “philosophical 
satisfaction * * in the contemplation of his 
own frame and of the processes whereby 
it came into existence. 

IX. The Task Ahead 

The biologist is not satisfied to stop 
there, however. The real problems of 
the generation of new living things are 
only commencing to open up. The oc- 
currence of variations, although “acci- 
dental" in the sense just explained, 
nevertheless is subject to a mechanism, 
our knowledge of which is as yet in its 
most elementary stage. Moreover, the 
biologist of broader view is not so well 
satisfied with his own frame. He knows 
that there never has been any one objec- 
tive in the course of evolution, and that 
every creature, including man, is only 
on probation, and may give way before 
another in which a more advantageous 
succession of mutations happens to 
come along. The vast majority of 
species, in fact, have perished along the 
way, and only a relatively few survive, 
through change, to form the continuing 
threads of life that branch out again. 
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Man, however, is now the first 
creature in the world to have this 
advantage — he has reached some under- 
standing of this process of evolution in 
which ho has hitherto been caught and 
blown about, and with understanding 
there frequently comes some measure of 
control. He can now produce mutations 
for the first time, and I have no doubt 
he will soon experiment with this knowl- 
edge and in time by its means greatly 
improve and alter the forms and func- 
tionings of those domestic animals and 
plants which he has taken under his 
care. Look at the motley shapes of flies 
that have been made in the laboratory, 
and you may more readily appreciate 
the possibilities thus presented. 

Despite these advantages, we are to- 
day almost as far as ever from produc- 
ing to order the exact mutations which 
we want. Enough, for the plants and 
animals, simply to produce a great many 


mutations and then take our choice, as 
nature has done in a far slower and more 
halting fashion. But the research must 
go on. Man must eventually take his 
own fate into his own hands, biologically 
as well as otherwise, and not be content 
to remain, in his most essential respect, 
the catspaw of natural forces, to be 
fashioned, played with and cast aside. 

If we have had a billion years of 
evolution behind us, and have advanced 
from something like an ameba to some- 
thing like a man, then, in the many mil- 
lions of years which are still in store for 
our world, why may we not be able to 
make a further great advance, perhaps 
far greater even than this, because un- 
der our own increasingly intelligent gui- 
dance? At least, if we are men as we 
like to think of men, challenging all 
things, we must make the attempt, and 
die fighting if need be, with our eyes 
open. 



BRIDGMAN’S NEW VISION OF SCIENCE 


By Professor ALBERT P. WEISS 
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It is time to inspect critically the 
exact significance of the claims that the 
recent developments in subatomic phys- 
ics will make it necessary to revise the 
fundamental assumptions underlying 
science, especially biology, psychology 
and the social sciences. In the March, 
1929, issue of Harper's Magazine, Pro- 
fessor P. W. Bridgman reviews some of 
the recent developments in physics and 
indicates that Newtonian physics has 

presented to the mind a sublime pic- 
ture of the interrelatedness of all things ; 
all things are subject to law, and the 
universe is in this respect a unit/’^ 
This picture he believes must be ex- 
changed for one which shows that 
‘‘nature is intrinsically and in its ele- 
ments neither understandable nor sub- 
ject to law/^* 

When the social scientist or psycholo- 
gist tallies off the achievements in phys- 
ics, chemistry, biology, medicine, during 
the last one hundred years and is then 
told that this development or evolution 
is based upon illusion one may wonder 
whether it is not the physicist who has 
the illusion. The social sciences are 
undoubtedly swinging towards the meth- 
ods of classical physics as supplemented 
by the recent developments in statistical 
theory. Before trying to shift to the 
principles implied in the newer sub- 
atomic physics it may be well to scru- 
tinize the behavior of the physicist 
himself and learn to what extent his 
discoveries are the product of his own 
past behavior and the cumulative effects 
of the social organization of which he is 
a part. 

It may be that the physicist is over- 
estimating his ability as a psychologist. 

I P. 443. 

»P. 444. 


From the standpoint of physical change, 
law and order do not exist in the exter- 
nal world. Things only happen, either 
together or one after another. It is the 
individual who designates the events as 
orderly or disorderly. The fact that the 
physicist has excluded from his re- 
searches most of the things that are not 
uniform has blinded him to the fact that 
this is after all a very irregular universe 
even in its superatomic manifestations. 
If there is anything less “understand- 
able” than large-scale social interaction, 
it remains to be discovered. Compared 
with international movements the con- 
vulsive jerks of electrons are simplicity 
itself. 

The development of natural science in 
the past was largely a matter of extend- 
ing the range of the sense organs through 
microscope, telescope, audion tube, etc. 
As long as the sensory limit is above 
that of the cells out of which the sense 
organs themselves are made, it is pos- 
sible for the sensorimotor system of the 
individual to react to some aggregates of 
electrons and protons (in the environ- 
ment) through other aggregates of elec- 
trons and protons (in the sensitive cells 
of the eyes). 

Now, however, the observational range 
has reached a degree of magnification 
where the physicist must use one electron 
to observe the movements of another 
electron. The term observe actually 
means to react to (a bodily movement 
of some sort). The simplest recording 
reaction (pointer reading, verbal or 
written report, etc.) involves billions of 
electrons and protons, and it should 
therefore not surprise us that the home 
life of an electron is still rather obscure. 
Experimentally we have the problem of 
detecting an energy relationship between 
606 
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two electrons as a function of the energy 
relationship between billions of atoms 
(our sensorimotor system). It may be 
that we have actually reached the experi- 
mental limits, but the astounding thing 
is that we have achieved so much. In- 
stead of saying that ''nature is neither 
understandable nor subject to law*' 
would it not be clearer, although less 
dramatic, merely to admit that the hu- 
man mechanism is approaching the ex- 
perimental limit of discrimination and 
that no theory has yet been formulated 
which may be used as an extension or 
substitute, for the direct experimental 
reactions of the physicist. 

Professor Bridgman supports his 
thesis of "non-understandability" from 
an illustration taken from classical me- 
chanics. 

An expert billiard player can, by proper 
manipulation of the cue ball, make the two balle 
rebound from the collision as he wishes; this 
involves the ability to predict how the balls will 
move after collision from their behavior before 
collision. We should expect by analogy to be 
able to do the same thing for a collision be- 
tween a bullet of radiation and an electron ; but 
the fact is that it never has been done and, if 
our present theories are correct, in the nature 
of things never can be done. It is true that, 
if some one will tell me how the electron 
bounces away, I can tell, on the basis of the 
equations given by Compton’s theory, how the 
bullet of radiation bounces away, or conversely; 
but no one has ever even been able to tell how 
both will bounce away. Billiards, played with 
balls like this, even by a player of infinite skill, 
would degenerate into a game of pure chance.* 

The very obvious answer to this prob- 
lem is that under the conditions given, 
no billiard player at all could be devel- 
oped. To develop infinite skill in billiard 
playing the player must be able to see 
all the balls that .are involved in the 
interaction. Suppose he is obliged to 
play with balls of such a nature that as 
soon as two balls collide, one of them 
immediately becomes forever invisible. 
Certainly such a game is one of pure 
chance, but it is not billiards. Yet this 

• P. m 


is just what happens in subatomic phys- 
ics. An electron can not be illuminated 
so that it will remain visible throughout 
its entire path. The source of the illumi- 
nation is itself a whole series of billiard 
balls thrown against the particular ball 
which is used in scoring the game. 
Under such conditions is there a game 
of billiards? To conclude further that 
this demonstrates that there is no uni- 
formity underlying whatever interac- 
tions do take place between electrons and 
light darts is not warranted. Visibility 
to some physicist is not an essential con- 
dition for electron-proton interactions, 
although visibility is an essential condi- 
tion for learning to play billiards. The 
only conclusion warranted by the facts 
is that one can not play billiards with 
electrons. 

With the formulation of Heisenberg's 
“Principle of Uncertainty," Bridgman 
believes that a new note is being intro- 
duced into theoretical physics and that 
this principle is “fraught with the pos- 
sibility of greater change in mental out- 
look than was ever packed into an equal 
number of words."* This is a wider 
mental outlook for the physicists surely, 
and it signifies that theoretical physics 
is just beginning to realize the social 
basis of some of its findings. The science 
of physics is a social development. It is 
the product of the interaction among 
many individuals, and it is not surpris- 
ing that even its most firmly established 
principles show traces of a variable fac- 
tor which is derived from the variability 
of human behavior. 

A curious instance of a type of con- 
fusion hardly to be expected from a 
scientist is encountered in Bridgman's 
deduction from Heisenberg's principle. 
The statement of the principle is given 
as follows : 

Heisenberg ’■ principle states, on the other 
hand, that the ultimately possible accuracy of 
our measurements is limited in a curious and 


4P. 446. 
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unBUspected way. There is no limit to the ac- 
curacy with which we can describe (or measure) 
any one quality in a physical situation, but if 
we elect to measure one thing accurately we pay 
a price in our inability to measure some other 
thing accurately. . . . The meaning of the fact 
that it is impossible to measure exactly both the 
position and velocity of the electron may be 
paradoxically stated to be that an electron can 
not have both position and velocity.^ 

Is not the paradox ‘Hhat an electron 
can not have both position and velocity'^ 
merely a verbal paradox? Electrons 
move even though the characteristics of 
their movements can not yet be formu- 
lated by some physicist. All that is 
scientifically justified is the statement 
that the position and velocity of an elec- 
tron can not both be measured at the 
same time. This, however, is only an 
experimental limitation (perhaps a per- 
manent one) because our present meth- 
ods of measurement distort one of the 
variables we are measuring. This occurs 
very frequently in psychology. If we 
wish to learn how rapidly an individual 
can press a key after a sound signal is 
given, the mere fact that we have mea- 
sured the so-called reaction time changes 
the rate of the subsequent reactions. 
But the psychologist does not conclude 
from this that a person has no reaction 
time or that measuring the reaction time 
is ‘‘meaningless.” He merely reports 
the conditions under which the reaction 
times were measured and their degree of 
variability. In biological, psychological 
and social measurements the experimen- 
tal conditions under which the measure- 
ments are made often distort the mea- 
surements. 

Bridgman frequently makes use of the 
term “meaningless” in a way that is 
bewildering to a critical reader. To 
quote directly: 

A body has position only in so far as its posi- 
tion can be measured; if its position can not in 
principle be measured, the concept of position 
applied to the body is meaningless, or in other 
words, a position of the body does not exist. 

« P.' 440. 


Hence if both the position and the velocity of 
the electron can not in principle be measured, 
the electron can not have both position and 
velocity; position and velocity as expressions of 
properties which an electron can simultaneously 
have are meaningless.o 

Instead of saying “a position of the 
body does not exist” the only scientific 
statement that is warranted is the one 
already made, viz., “its position can not 
in principle be measured. ^ ' Again there 
is no justification for affirming that be- 
fore a body can exist it is necessary for 
some physicist to formulate its position. 
The “hence” clause only means that if 
the measurement of the position of an 
electron is dependent on light darts it 
may be forever impossible to formulate 
its position at some specified instant be- 
cause the only way we now have of mea- 
suring the position of an electron is 
through the indirect action of light darts 
on the sensitive structures in the retina 
of the eye. 

There is nothing meaningless about 
this. It is merely the statement of an 
experimental limitation. Such limita- 
tions are so frequent in the biological 
and social sciences that they are regarded 
as a matter of course. However, it does 
not follow from this that the experimen- 
tal method must be abandoned. In fact, 
very few physicists have themselves been 
influenced by the limitations. There 
seems to be no marked decrease in phys- 
ical experimentation, and the experi- 
menters are not relying on any “prin- 
ciple of uncertainty” in preparing their 
set-ups. 

One of the statements which Professor 
Bridgman makes does represent a change 
in the point of view of the physicist 
which is very significant, at least for the 
psychologist. He states, “The physical 
properties of the electron are not abso- 
lutely inherent in it, but involve the 
choice of the observer.”^ This intro- 
duces an individual and a social com- 

6 P. 446. 

^ P. 446. 
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ponent into theoretical physics which has 
been too long ignored. The term phys- 
ical properties is acquired by the physi- 
cist during his lifetime and through his 
social interactions with other individuals 
(teachers, colleagues, etc.). The phys- 
ical properties which are assigned to an 
electron depend on the physical (anatom- 
ical and physiological) properties of the 
physicist. He can not assign properties 
that do not act upon his sense organs. 
This means that one limitation of the 
physicist’s definition of an electron is 
determined by his own sensorimotor 
structure and function. In this sense 
the electron is the verbal invention of 
some physicist. This symbolism may 
then be adopted by other physicists. 

This brings us into psychology. If 
the electron is an invention (a verbal 
formulation of a hypothetical structure 
of some sort) how did it come to be 
adopted by other physicists? The psy- 
chologist would say that the verbal for- 
mulation (symbol) may act as a stimulus 
for other physicists so as to make it pos- 
sible for them to continue research 
behavior which has been hampered be- 
cause of theoretical limitations. From 
this standpoint ‘^an electron” is only 
the name for verbal statements which 
stimulate physicists to renewed activity 
within the sphere of their vocation or 
profession. In the social organization 
such activity will survive over those 
stimulating conditions (an inadequate 
theory) which lead to inaction. In gen- 
eral, research activity produces better 
conditions for the survival of the mem- 
bers of a social organization. In addi- 
tion to the biosocial advantages of such 
an invention, subsequent experimenta- 
tion may actually lead to a verification 
of the hypothesis. 

The fruitfulness of a purely verbal 
formulation of a hypothetical principle 
is well illustrated by the physicist’s 
other. Most physicists are agreed that 
the concept of the ether is about one of 


the most contradictory concepts (from 
the standpoint of logic) that has ever 
been formulated. But this did not pre- 
vent its use in theoretical physics. If 
the social character of scientific behavior 
is recognized then the ether hypothesis 
was only a verbal stimulus for activity 
(research in physics) which was ham- 
pered without the hypothesis. 

Another way in which Bridgman’s 
” choice of the observer” enters into 
physical theory is through his implicit 
assumption that a verbal formulation 
must have a fundamental “reality” back 
of it. Specifically, do electrons and 
protons have properties other than those 
assigned to them by some physicist? If 
we accept the verbal or social character 
of the electron hypothesis, of course its 
elements (the electrons and protons) 
have only those properties that are as- 
signed to them. However, other physi- 
cists may find one man’s hypothesis of 
greater utility by adding to or subtract- 
ing from the assigned properties. If 
the experimental results (Eddington’s 
pointer readings) that are secured with 
a given hypothesis are nearly identical 
for all physicists, one way of expressing 
a high degree of uniformity among the 
physicists is by classifying the hypothet- 
ical properties as “real” properties. 
However, it should be clear that the term 
“real” is only a name which indicates 
the degree of uniformity in the behavior 
of the physicists (not in the properties 
of the electrons). It would be clearer, 
however, not to use the term “real” at 
all, but merely indicate numerically the 
averages and deviations of the experi- 
mental findings (that is, the pointer 
readings). 

This problem often manifests itself in 
a more popular form. If the electron 
and proton are merely verbal formula- 
tions (symbols) invented by some physi- 
cist, were there any electrons before they 
were invented! The obvious answer is 
that since the electron is a verbal inven- 
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tioji, the invention did not exist before 
it was invented. And if it is asked, has 
the composition of matter changed since 
electrons and protons were invented, the 
answer is that it has not. However, the 
physicist reactions to matter have 
changed very much. Some physicists 
are now reacting to what at one time 
was called matter in a different way 
(performing entirely different experi- 
ments) than they did fifty years ago. 
It is the physicists who have changed. 
The manual and physiological reactions 
to matter are practically the same as 
those of individuals living a hundred 
years ago. It may be that the new re- 
sponses which the physicists are develop- 
ing will modify the behavior of all other 
individuals and it may be that these 
changes are very significant for survival. 
To assume an underlying reality having 
certain absolute properties may be ex- 
perimentally and technically useful in 
organizing and classifying human be- 
havior, but such a ** reality^* is merely a 
name for specific verbomotor responses 
that have been acquired by the physicist 
during his lifetime. 

From the psychological standpoint 
Bridgman’s use of the terms, cause, 
effect, determination, prediction, seems 
unclear. To quote directly: 

When we lay that the future is causally 
dotermiuod by the present we mean that if we 
are given a complete description of the present 
the future is completely determined^ or in other 
words, the future is the effect of the present, 
which is the cause. This causal relation is a 
bilateral relation; given the cause, the effect is 
determined, or given the effect, the cause may 
be deduced. But this means, in the particular 
case that we have been considering of coUislon 
between a bullet of radiation and an electron, 
that the causal connection does not exist, for if 
it did the way in which the electron rebounds 
after the collision would be determined, that is, 
it could be predicted, in terms of what happens 
before the collision. Oonversely, it is of course 
impossible to reconstruct from the way in which 
the electron and the radiation rebound the way 
in which they were moving before oollision.i 

• P*. 447. 


In this quotation Bridgman seems to 
say that unless it is possible to formulate 
what will happen, nothing will happen. 
It would be more correct to say, if it is 
impossible to formulate what will hap- 
pen, prediction is impossible. This ia, 
of course, obvious, because in this case 
the terms ‘‘formulate” and ‘‘predict” 
are synonyms. He is quite right, how- 
ever, in pointing out that all that is im- 
plied by the terms cause and effect is a 
certain relation between the elements in 
a temporal series of events. Electron- 
proton combinations are constantly 
changing. The change which precedes is 
arbitrarily given the name of ‘‘the 
cause” and the change which follows is 
given the name of ‘‘the effect.” In the 
widest extension of the use of the terms 
cause and effect in the modern sense, any 
one specific event which is occurring now 
has as its invariable antecedents every- 
thing that has ever occurred in the past ; 
and everything which is occurring now is 
a partial cause of any single event, even 
the most remote, that will happen in the 
future. That is to say, the activity that 
I am now performing in writing this 
article and the activity of the reader in 
reading it are partial causes of what will 
happen on the sun two thousand years 
from now. The effect may not be of any 
practical or social significance and it may 
even elude the finest measurements, but 
this does not demonstrate that there is 
no effect. 

To give the terms greater specificity 
science usually limits the term cause to 
changes such that if they did not occur, 
the effect would not appear. If the 
series of changes is of the type that 
occurs in conformity with a known 
mathematical equation it is proper to 
speak of prediction, but such an equation 
can not formulated unless a sufficient 
number of points are established to in- 
dicate its geometrical classification as a 
straight line, parabida, sinusoidal func- 
tion, etc. After the degree of reliability 
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has been established either from empiri- 
cal or h3rpothetioal data it is possible to 
extrapolate or extend the curve forward 
or backward. This is all that is meant 
by prediction. However, this should not 
be confused with determination. Some 
events seem to occur in a regular 
sequence whether or not some physicist 
is able to formulate the equation which 
describes this sequence. The uncertainty 
of electron movements merely demon- 
strates the fact that no equation which 
connects the electron and radiation has 
yet been formulated. It may even be 
impossible to formulate one on account 
of the technical difficulties and the limi- 
tations of our sense organs, but there is 
no justification for saying that electrons 
will continue to act in this apparently 
helter-skelter fashion until some physi- 
cist invents an equation according to 
which they may henceforth regulate 
their behavior. 

A more concise summary of the baffling 
character of the principles of subatomic 
physics is given in the quotation: 

The same situation confronts the ph78ieiBt 
everywhere ; whenever he penetrates to the 
atomic or electronic level in his analysis, he 
finds things acting in a way for which he can 
assign no cause, for which he never can assign 
a cause, and for which the concept of cause has 
no meaning, if Heisenberg's principle is right. 
This means nothing more nor less than that the 
law of cause and effect must be given up. The 
precise reason that the law of cause and effect 
fails can be paradoxically stated ; it is not that 
the future is not determined in terms of a com- 
plete description of the present, but that in the 
nature of things the present can not be com- 
pletely described.^ 

Aa Bridgman here uses the terms 
cause and effect they imply a practical 
or social distinction. A cause in the 
social sense usually means that there are 
a minimum number of conditions which 
must be fulfilled before a number of 
specified conditions will follow. In other 
words, from the social standpoint the 
causa and effect relationship usually 
refers to the problem of environmental 

•P. 448. 


control. In biological experimentation, 
for instance, it is impossible to enumer- 
ate and describe all the conditions which 
are the antecedents of some observed 
effect. However, from a statistical 
analysis it is possible to determine what 
antecedent conditions are required be- 
fore a given galaxy of conditions called 
the effect will appear. While complete 
prediction requires a complete descrip- 
tion of everything that has preceded, yet 
for practical prediction the number of 
antecedents to a limited effect is well 
within the possibilities of human achieve- 
ment, The paradox, therefore, that the 
future is unpredictable because the pres- 
ent can not be completely described, 
again merely affirms the limitations of 
the sensorimotor structure and function 
of man. However, it is this same sen- 
sorimotor structure which, through its 
verbalized reactions, does invent a sym- 
bolic set of stimuli through which the 
movements within the individual may be 
regarded as a correlational function of 
everything that has happened, is hap- 
pening and ever will happen. 

Theoretical physics is the product of 
human interaction, it is not a “ reality'* 
beyond human behavior. Professor 
Bridgman seems to understand these 
limitations very clearly but when he says 
that **This inevitableness is rooted in the 
structure of knowledge" he is introduc- 
ing a term (knowledge) which can not 
be said to have achieved a scientific clear- 
ness that is at all commensurate with the 
clearness of such terms as electrons, 
entropy, relativity, etc. The physicists 
have not yet learned that the whole 
question of the nature of the psychologi- 
cal elements and the status of psycho- 
logical theory is very much a controver- 
sial matter at the present time. This 
uncritical acceptance of psychological 
conceptions is well brought out in the 
following quotation: 

The resatt of all this ponderiiig has been to 
discover in the principle [that the universe is 
governed by pure ehaaoe] an inevitableness, 
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which when once nndentood, ii w eomrlneliig 
that we have already almoit eeaaed to kick 
against the pricks. This Inevitableness is rooted 
in the structure of knowledge.^* 

Professor Bridgman sees very clearly 
that in the last analysis what goes on in 
the universe can only be derived from 
the changes which occur within his own- 
body. In other words, the individual 
can get into contact with the universe 
only in so far as his own movements are 
functions (in the mathematical sense) 
of movements that have occurred in the 
external world. Necessarily the degree 
of functional relationship between my 
body and the external movements will 
depend upon how accurately my move- 
ments are functions of the external 
movements, and the degree of accuracy 
in reacting to external movements is 
limited by the fineness or coarseness of 
the structure of my own sense organs. 
This can be generalized by saying that 
the individual movements are functions 
of external movements. Most of the 
difficulty arises when the physicists un- 
critically accept such terms as knowl- 
edge, mind, consciousness, awareness, as 
representing entities which are in some 
way entirely different in structure and 
function from the processes they are 
investigating. 

This introduces the assumption that 
there are two universes : one of mind and 
one of matter. It may be that this is the 
simplest assumption to make, but at least 
it should be recognised as an assumption 
to which there are alternatives. There 
are many practical considerations which 
make the assumption of an external 
world highly probable. The line between 
the external world of movements and 
movements within my own body can not 
be sharply drawn. All bodily move- 
ments are muscular movements, that is, 
contractile effects in muscle fibers. How- 
ever, these contractile effects ate the 
products of nervous proeesses or ehem- 

W P. 448. 


ical reactions occurring in the nerves 
which lead to the muscle fibers. These 
nervous processes in turn are the prod- 
ucts of chemical or mechanical processes 
in the sense organs, and the chemical or 
mechanical processes in the sense organs 
are the resultants of movements in the 
stimuli (of the external world) which 
act on the sense organ. All this repre- 
sents a continuum of the type of a dif- 
ferential equation in which the division 
between one stage and the next is not a 
sharp line but only approaches a limit. 
We can not say where external stimula- 
tion ends and internal activity begins; 
we can only approach the limit of the 
different energy transformations between 
sense organ, nerve and brain. In the 
same way further arbitrary distinctions 
are made between brain and muscle con- 
traction. These may be rather carefully 
defined as the approach toward some 
mathematical limit, but they can not be 
so carefully established empirically or 
experimentally. 

Thus far it has been tacitly assumed 
that human behavior is a form of motion. 
For theoretical physics the behavior is 
the totality of these movements in the 
various physicists which make up the 
experiments, records and literature of 
theoretical physics. Now just where in 
this series shall the non-physical prin- 
ciples of awareness, mind, knowledge, be 
introduced f When the physicist speaks 
of the formulation of 1^ problems as 
“rooted in the structure of knowledge'* 
he assumes that the psychologist is able 
to transform the professional movements 
of the physicist into mental states which 
have none of the physical properties of 
the verbal and experimental activities of 
the physicist. However, there is very 
little agreement among &e psr<^ol<^*ts 
themselves as to what is to be induded 
under such terms as knowledge, Con- 
sciousness, awareness, etc. Hi la<^ many 
p^diobgisCi have readied the oOndn- 
sion it is hojMw to tey to id'W ^Maa 
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terms a scientific status. Such a state- 
ment as *'the fundamental datum of all 
knowing is consciousness’^ sounds rea- 
sonable and clear. But this is only due 
to the fact that such statements have 
been reiterated so often that there is now 
no longer a critical analysis of them. 
Certainly not by the physicists. Scien- 
tifically the statement is only a verbal 
reaction which is a symbol neither for a 
fact nor for a relationship. It is only a 
habit of speech that individuals have 
acquired under certain social (non- 
scientific) conditions. 

When physicists reduce electrons and 
protons and the interactions between 
them to conscious mental states they 
should understand that no one knows 
what a mental state is, or what the mind 
is. To insist that it is understood intui- 
tively is simply substituting loose liter- 
ary habits acquired in early life for the 
more rigid habits of scientific analysis. 
It would be a wholesome adventure for 
those physicists who try to generalize 
beyond their own researches to try 
actually to find a definition, description 
or explanation of mind, awareness, con- 
sciousness, meaning, feeling, etc., which 
they regard as in any sense scientifically 
clear and satisfactory. As a psycholo- 
gist the writer should perhaps be 
ashamed to admit this, but his own 
efforts at trying to do just this thing 
have left him no alternative.^^ 

The physicists who are now writing on 
the philosophical or psychological aspects 
of modem physics are using a psychol- 
ogy which they acquired during their 
undergraduate years. The psychology 
of to-day is no more like the psychology 
of twenty-five years ago than the physica 
of to-day is like that of the nineties, 
The physicist may throw up his hands in 
despair at the confusion which confronts 

Pot a more detailed account of the writer 'b 
views eee his Theoretical Basis of Hutnan 
Behavior, B. Q. Adams and Company, Colum- 
bus, Ohio, 1989. 


him in psychology, but this does not 
warrant adding his own even less scien- 
tific conception of mind to any of those 
which he may have rejected. Modern 
psychology is a closed field for the phys- 
icist as such. He may indulge in certain 
literary speculations and poetic flights, 
just as any one else may do, but he is 
no more an authority in the field of 
human behavior or social organization 
than any popular writer. More con- 
cretely, just what is to be included under 
the terms '^subconsciousness,” "instinc- 
tive,” "experience,” in the following 
quotation ? 

The new Bitiiation can not be adequately dealt 
with until long continued familiarity with the 
now facts produces in our sub consciousness as 
instinctive a grasp as that which we now have 
of the familiar relations of every-day experi- 

encc.i2 

Another example of uncritical analysis 
is brought out by the statement, 

The physicist thus finds himself in a world 
from which the bottom has dropped clean out; 
as he penetrates deeper and deeper it eludes 
him and fades away by the highly unsports- 
manlike device of just becoming meaningless.! a 

That is to say, "meaningless” for the 
physicist. There can be no sportsman- 
ship at all when one of the players does 
not know the rules of the game. In this 
case it is the physicist himself who has 
not learned how he has acquired the tools 
(rules) of his own profession. 

Bridgman dreads the effect of the new 
conceptions of physics on the man in the 
street. To quote directly : 

But doubtloBB by far tho most important 
effect of this revolution will not be on the 
scientist, but on the man in the Street. The 
immediate effect will be to let loose a veritable 
intellectual spree of licentious and debauched 
thinking. 14 

It is well to point out that the spree is 
already on and that it is by no means 
limited to the man in the street. For the 

12 P. 449. 

18 p. 450. 

u p. 461. 



514 


THE SCIENTIFIC MONTHLY 


psychologist the problem presents a very 
interesting phase of what happenij to the 
scientist when he is suddenly required 
to change the habits of a lifetime. The 
physicists for at least two generations 
had all their problems nicely labeled and 
theoretically solved. Something new^ 
happened. Tioentgen discovered invis- 
ible radiations and this started a new 
line of research. One discovery followed 
another in rapid succession. Not only 
was the comjjlacency of the physicists 
markedly disturbed in their own field 
bnt they are insisting that all the other 
sciences should he. equally apprehensive. 
Surely, they say, if we, the salt of the 
scientific earth, arc so disturbed it is 
only proper that ordinary i)ersona should 
go into convulsions. We have lost our 
bearings, consequently the whole world 
is about to collapse. 

In th(' biological and social sciences 
development has been so rapid that these 
scientists have developed habits which 
have tended to stabilize their behavior 
in the presence of profound economic, 
industrial, political and social changes. 
This sort of thing is expected and the 
new developments leave the scientist 
quite calm and collected and with a 
realization that he must assimilate the 
new findings into his old ways of looking 
at things as rapidly as possible. Some- 


times the old way must be completely 
discarded. He complains about this a 
bit, depending upon his age, but in the 
end he does change. Perhaps this is all 
that is bothering subatomic physics. 
The change was a little too abrupt for 
the degree of complacency that the phys- 
icists had developed. The last para- 
graph of Bridgman’s article illustrates 
how completely physics has failed to con- 
.sider even the most elementary facts of 
human behavior. 

And in th(‘ end, when man Ims fully partaken 
of the fruit of tlie tree of knowledge, there will 
be this diffcreiiee between the flrat Edeii and 
the last, that man will not became as a god, but 
will remain forcvc'v humble. is 

Bridgman is humble now, and there 
are a number of other physicists who 
feel the same way, but this is because 
they are baffled by the complexity of the 
physical situation which must be fitted 
into a social system. Humility is the 
attitude of the conquered. Man trium- 
phant has never been humble. The mar- 
velous development of industry during 
the last half century has not developed 
humility in the business man. Even the 
physicist will again be proud when 
certain strained relations between sub- 
atomic and superatomic behavior will 
have been arbitrated. 

i"’ P, 451. 
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No one has, i)erhaps, realized the iin- 
];ortance of minerals to human welfare 
and to firogressive civilization more than 
modern man. This realization, both on 
the ])art of many individuals and by the 
larger mining comfianics and interests, 
leads to a more or less constant though 
often haphazard search tin' world over 
for ore deposits. 

The importance of this search for 
minerals can not be overestimated. 
Mining is one of the foremost basic in- 
dustries, and its perpetuation is abso- 
lutely dependent on the discovery of 
new ore re.serves. Almost every indi- 
vidual or group engaged or interested in 
this search for mineral deposits will 
admit that it is constantly becoming 
more and more difficult and more costly 
to find ore bodies of sufficient ment to 
warrant development. 

In the not very distant future the 
industrial life of America will very 
largely depend on the ability of the 
mines to maintain the su[)ply of its 
many and varied metallic wants. At the 
present time almost any one at all con- 


versant with the mineral resources of 
the North American continent, or, for 
tliat matter, of the world, can make a 
fairly aci'urate forecast a^i to the life of 
the known ore reserves for the various 
minerals. Jn some cases the predicted 
life of the known reserves is almost 
startlingly short, especially when looked 
at in the light of present consumption 
and possible or perhaps undoubted in- 
creased future needs. On the other 
hand, no doubt, substituti^s for some or 
even many of the minerals demanded by 
industry will be found and used by the 
time the various minerals reach the 
point where they can no longer be mined 
al a profit. 

Because mining is absolutely depen- 
dent on ore finding, ore finding must be 
recognized as of first importance not 
only to mining but to all industry, 
especially manufacturing, whieh is so 
deiieiident on a cheap and unlimited 
supply of many minerals. Because in- 
dustry, which sjiells prosperity and 
perhaps even civilization, is so depen- 
dent on the supply of minerals in their 
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f lgur« 5. Figure 4. 
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raw state, ore-finding methods must be 
studied more as time goes on, more re- 
search must be done along the theories 
of ore deposition. Much of this work is 
done to-day, both by the state, by pri- 
vate individuals and by the large mining 
companies, but all industry will have to 
realize the need of a future supply and 
must add its weight to the cause. The 
U. S. Bureau of Mines, the U. S. Geo- 
logical Survey, the Canadian Geological 
Survey and Department of Mines are 
doing a great work in America. So are 
many state and provincial departments 
and surveys — all of which could do 
much more and bettor work with larger 
appropriations. The sums set aside for 
this work in the very near future must 
be increased substantially. 

Most of our big mines of to-day and, 
for that matter, the great majority of 
the small ones, were found as the result 
of the investigation of a noticeable out- 
crop. In the older districts, where min- 
ing has been carried on for several 
decades, very few discoveries have been 
made in recent years; some important 
finds have occurred in Canada in the 
until recently little known areas. Arc 



Tlgftre 5. 



we going to abandon districts that have 
been important producers for lack of 
outcrops? It must be remembered that 
few, if any, ore deposits are formed at 
or even near the surface; they are, in 
time, exposed by many and various 
whims of nature’s destructive competitor 
— erosion. This process of nature is a 
long and tedious one and is far too slow 
to be any great aid to man in his search 
for new mineral reserves after he has 
exploited those which nature look so 
long to expose for him. 

The several figures will perhaps assist 
in making the point clear. Pig. 1 depicts 
section through supposed ore body that 
does not outcrop — there are no doubt 
many such instances—truly buried 
treasure; Such cases as this will be 
found only after an intensive study and 
a thorough appreciation of the geology, 
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which must be based on a very thorough 
knowledge of tlic district, its geological 
literature, i)ast j)roduction, etc. Once 
cases such as Fig. 1 are '^sensed,’' then 
Ihe various geophysical prospecting 
metliods can be called to the aid of the 
geologist, for this is his work, not the 
prospe(?tor ’s. W cl I -d i rod cd diamond 
drilling should be the next step. Sooner 
or later tinds made roughly along the 
above lines will be the only discoveries 
nuule. There arc no “New World” con- 
tinents with nice noticeable outcrops for 
man to run to for his future supply of 
the many necessary minerals; it is evi- 
dently a costly process now finding out- 
crops even in Central Africa. 

Pig. 2 depicts an ore body with a poor 
surface showing, perhaps readily paj^sed 
up as uninteresting by many. The care- 
ful examination by S[)ecially trained 
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men, blessed with a real appreciation of 
physiography (which amounts to what 
the late Sir Archibald G^eikie aptly 
called “Landscape in History”), should 
lead to the disclosure of the significance 
of this type of outcrop. 

Pig. 3 depicts an ore body with a 
noticeable surface exposure or perhaps 
gossan ; cases like this are readily dlscov- 
ered by the prospector and quickly 
developed into a mine and exploited. 
Such coses are becoming hard to find — 
some one has stumbled on these before 
and we have a producing mine or an 
extinct one in its place. 

Fig. 4 depicts a situation which looks 
encouraging te the uninitiated, the bom 
optimist or the unscrupulous promoter. 
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Much mi?M3irected capital has been spent 
on such cases. 

Fig. 5 depicts a surface showing that 
could be, perhaps, mistaken by some for 
a ease like that shown as Fig. 2. 

Future prosperity will depend on the 
skill with which cases 1 and 2 can be 
found. A small poilion of the money 
spent in the past in an effort to exploit 
cases like Figs. 4 and 5 would go a long 
way in the right hands toward the find- 
ing of situations similar to Figs. 1 or 2. 
Cases 4 and 5 must be appreciated and 
avoided. 

In many parts of America the work is 
greatly comi)licated, as glacial till, talus 
slopes, soil and vegetation no doubt mask 
many deposits in all the various stages 
or situations. 
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Scouting, as mineral exploration work 
is usually called, calls for a type of in- 
dividual not alwaj's easily found. The 
scout must have combined the best of 
health and an active, robust body with 
a sound geological and engineering 
training; he must be capable of facing 
nature at its best and worst alike. He 
must quickly adapt himself to any of the 
various modes of travel, for he will be 
called upon as a mountaineer, as a river 
boatman, as a desert traveler, as a dog 
musher, packer and what not ; he should 
feel at home in an aeroplane. (See 
snaps by author.) He must be self- 
reliant, obseiwant and persistent, a bom 
naturalist and a trained scientist. He 
should have a sound knowledge of mine 
operating and mining costs; he should 
be able to drive a good bargain. Admit- 
tedly this is a formidable array of pre- 
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requisites. These should serve to make 
clear the necessity of choosing the right 
man. Are there going to be enough men 
of this type to go round? As pointed 
out in a previous paragraph, not only 
mining depends on ore finding but an 
ever-growing industrial civilization de- 
pends on the mines for its tremendous 
metallic needs; this industry is indi- 
rectly, but nevertheless very dependent 
on ore finding. 

One nowadays hears a great deal 
about the reduction of mining costs and 
the exploitation of lower-grade ore. No 
doubt costs will be lowered to some ex- 
tent but there is a limit, and lower-grade 
ore needs to be in very great quantities 
if a profitable mining operation is to 
ensue. 

It is common knowledge that more 
minerals have been used since 1900 than 
in all previous histoiy. This fact helps 
one to appreciate the situation and make 
rough conjectures about the future 
demand. Can the exploration depart- 
ments, geologists and prospectors meet 
that demand? They are going to need 
help in the form of better knowledge. 
What is known about ore deposits fills 
many books, but there are still many 
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NEAR THE HEADWATERS OF THE McLEOD RIVER 
South branch or the Athabaska, Alberta. 


very important questions relative to ore for minerals will be immense must be 
deposition that remain unanswered, kept constantly before us. 

There is an urgent need for cooperation ; Gradually, no doubt, conservation of 
the various national, provincial and minerals will be practiced and less will 
state departments and the universities be lost by rust and corrosion as these 
must get together on the subject of ore processes are gradually mastered, 
finding; the fact that the future demand We, in America, must remember that 



INDIAN WOMAN AND DOOS’ PACKED 
Near Port Noruan, N. W. T. 
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RAFTING ACROSS THE BLUEBERRY RIVER 
Peace River District, B. 0. 


what are now our big producing mines 
and dividend payers will, in time, be- 
com(‘ exhausted; mining is not like 
lumbering — ^there can be no reforesta- 
tion; mining is not like agriculture — we 


can not get our mines back by any sys- 
tem of rotation of crops or by the use of 
fertilizers. Man ’s hope must i*est on the 
finding of new ore bodies or the inven- 
tion of substitutes; 



GRAVEL RIVER INDIANS 

Locally known as the “Mountain Men,“ in Moose-skin boats on the Mackenzie 

River, N. W. T. 



DO FISHES FALL FROM THE SKY WITH RAIN? 

By Dr. E. W. GUDGER 

BIBLIOGRAPHER AND ASSOCIATE IN ICHTHYOLOGY, AMERICAN MUSEUM OT NATURAL IIIBTOBT 


Baron Hieronymus Carl Friedrich 
Mttnitiausen is by unanimous consent 
nominated the prince of tellers of ‘Mhg 
stories/’ the first president of the 
‘^Ananias Club,” but he never told of 
a rain of fislies. Suspecting that he had 
such a story, I have carefully gone 
through a number of editions of his 
book but have found no rain of fishes. 
So also John Kendrick Bangs found, 
but, feeling that Munchausen should 
have told this and a number of other 
stories. Bangs lias written these up 
under the subhead “Recent Adven- 
tures” and published them in a book 
— “Mr. Munchausen . . . Embellished 
with Drawings by Peter Newell.”* 

Now it would seem that Mr. Bangs 
himself also never heard of a v(*ri table 
rain of fishes, but had to conjure one up 
out of his imagination. So he resorts 
to the clumsy expedient of having his 
narrator-hero when a boy secure a large 
quantity of gunyiowder and plant this 
in the bottom of a near-by fishiiond. 
When this was touched off the whole 
pond was blown high in the air and 
after some days the contents of the pond, 
including many fishes, rained down on 
the astonished people of the neighbor- 
hood. Peter Nc'wcll drew a figure to il- 
lustrate this rain, and this is reproduced 
herein, since it is one of the three known 
illustrations of rains of fishes printed in 
books. 

Now the interesting thing is that an 
imagined rain of fishes is not necessary, 
for there is a multitude of true accounts 
of such rains. Having a penchant for 
the unusual in natural history and par- 
ticularly for those matters wherein 
fishes are concerned, for many years I 

1 Boston, 1001. 


collected and filed away accounts of 
rains of fishes. Thinking that 1 had 
gotten together all the reliable narratives 
of this phenomenon to be found in sei- 
entific books and journals, T compiled 
this mass of data and in 1921 published 
it in Natural History.'^ There were 
forty-eight of these accounts ranging in 
time from cirva A. D. 800 to 1901, and 
in space from America (eight accounts), 
Great Britain (ten accounts), Germany 
(eight rains), France and Greece (one 
each), through India (ten), Ceylon 
(three), Malaysia (two) and the South 
Seas (one). 

The publication of the article aroused 
much interest in this phenomenon, and 
letters came in calling my attention to 
overlooked references and giving per- 
sonal experience. These, together with 
certain accounts found by myself in the 
course of bibliographical work on fishes, 
were brought together in a second arti- 
cle, “More Rain of Fishes,” which aj)- 
peared in Annals and Magazine of Nat- 
ural History^ early in 1929. In this 
paper seven new falls were recorded 
from the United States, a like number 
from Europe, from Asia and the East 
Indies four, Australia seven, South 
Africa and South America one each. 
These amount to twenty-six, but I think 
that three are dujdieates and that I 
have established only twenty-three new 
falls. 

There are thus put on record about 
seventy-one accounts (more or less well 
authenticated) of rains of fishes, extend- 
ing from A. D. 300 until the present — 
time span of over 1,600 years — and in 

3 21: 607-610. 

8 8eri€8 ^ 10, vol. 3 : 1-26, plate and 2 text- 
dgures. 
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FIG. 1. A RAIN OF FISHES 

PRODUCED BY BLOWING UP THE BOTTOM OF A POND, AS HiLUSTRATED BY PeTER NEWELL. 

From Bangs, 1901. 


space, encircling the whole globe. These 
accounts in range of time and space 
make for sure testimony as to the actu- 
ality of the occurrence of this phe- 
nomenon — there could not have been any 
collusion among authors, I have per- 
sonally never been so fortunate as to ex- 
jiericnce or even witness such a rain, 
but I can not disregard the evidence re- 
corded by scientific men. 

There are two figures, other than Peter 
NewelPs given above, of rains of fishes. 
I discovered one of these on the very day 
that my first article went to press. It 
was of such great interest that I pub- 
lished it in Natural History in 1922.^ 

*22 : 84. 


It is reproduced from a rare old book 
(so rare that I know of but four copies 
in the United States), “Prodigiorum ac 
Ostentorum Chronicon, ' * published at 
Basle, Switzerland, in 1557. The author 
was a learned Alsatian named Conrad 
Wolff hart, who in accordance with the 
fashion of his times Latinized and Hel- 
lenized his name to Conradus Lycos- 
thenes. This picture, which is repro- 
duced herein as Pig. 2, was drawn to 
illustrate a downimurinj? of fishes in 
Saxony in the third year of the reign 
of Otho, the sixth emperor of that name, 
the year being A. D. 689, and is found 
on page 367 of Lycosthenea’ (Mr. Wolf- 
hearUs) old book. 
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Earlier, however, by two years is that 
shown herein as Pig. 3. It is taken from 
that stout old story-teller, Olaus Mag- 
nus, Archbishop of Upsala and Primate 
of Suetia and Gothia, being found on 
page 726 of the first edition of his book, 
“Hisioria de Qentibus Septentrionali- 
bus^^ (Goths, Swedes and Vandals), 
published at Rome in 1555. Here it 
forms the head-piece to a chapter en- 
titled, 'XWcerning the Fall [or Rain] 
of Fishes, Frogs, Mice, Worms and 
Stones [from the Clouds]’’ — surely 
an all-inclusive heading. However, no 
statement is made as to when or where 
these fishes fell. 

The good bishop’s book went through 
many editions and in some of these the 




FIG. 3. A DOWNPOUR OF FISHES IN SCANDINAVIA 

From OlauB Magnus, 1S55. 



FIG. 4. A VARIANT DRAWING TO ILr- 
LUSTBATE THE BAIN OF FISHES IN 
SCANDINAVIA 
From Olaus Magnus, 1567. 


illustrations were redrawn and some- 
what changed. I have looked through 
the various editions and versions acces- 
sible to me in New York, and in that 
published at Basle, Switzerland, in 1667, 
I find a variant drawing of the rain of 
fishes which is reproduced herein as Fig, 
4. In this the fishes are falling in three 
distinct showers instead of two as in the 
original illustration. 

Since the publication of my previous 
articles there have come to me two ac- 
counts of falls of fishes which are so 
well authenticated that it seems worth 
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FIG. 5. A WATERBPOUT ON JACKFISH LAKE 
NEAa North BA'rTbEJH>BD, Sabkatcukwan, Canada, July 20, 1023. Photograph taken at 

A DISTANCE OF ABOUT ONE MILE. 

Photograph hy oourtcny of V. S. Weather Bureau. 


while to pul them on record. The first, 
n personal experience, was related to me 
by Mr. Richnrd Hoadley Tinsley, of 
Port Chester, New York, whom I have 
known p(*rsonally for a number of years. 
This fall occurred on May 15, 1900, on 
the outskirts of Providence, Rhode 
Island. A severe thunder-storm with a 
high wind brought a heavy downpour 
of rain and with it living squirming 
perch and bull-X)0Ut8, from two to four 
and a half inches long, which fell on 
yards and streets — covering about a 
quarter of an acre. Mr. Tingley says 
that he was out in the storm and was 
peltedmot only with rain-drops but with 
fish as well. The boys collected these 


fishes by the pailful and sold them, 
while a reporter on the Providence 
Journal gathered a bucketful of them 
and these were displayed in various shop 
windows on one of the principal busi- 
ness streets of the city. 

In July, 1928, I heard of a fall of 
fishes near Tarboro in my native state of 
North Carolina. I have spent some time 
in getting the particulars, and even more 
effort in getting corroboratory evidence ; 
and I am persuaded that full credence 
is to be given to the account and to my 
informants. Here follows the story of 
this fall of fishes as communicated to mo. 

On May 18,, 1928, a rain of fishes fell 
on the farm of Mr. S. N. Clark, about 
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twelves miles east of Tarboro, Edge- 
combe County, North (/arolinn. This 
farm is operated by Mr. W. L. Doughtie, 
and from him and his wife I have gotten 
the following details. A heavy down- 
pour of rain came on this day between 
three and four o’clock in the afternoon. 
There was very little wind but there 
were fishes, hundreds of them. These 
fell on a plot of land that had been 
planted in cotton a few days before, and 
which aft(‘r the storm was covered with 
water wherein the fishes were found. 
No one was out in the rain, but imme- 
diately after the shower the Doughtie 
children went out and began wading 
about in the puddles where tliey found 
many title fishes, some of them alive and 
swimming. One of the children caught 
three fishes, brought them to the house 
and put them in a pan of water. Two 
of them recovered enough to swim about. 
Others of the children put some of the 
fishcvs in an old unused well, where some 
of tliem were set'll as late as January, 
1929. They were pretty uniform in size, 
about one and a half to two inches long, 
about as large as a lead pencil and dark 
in color. No means were at hand for 
preserving any of them, hence they can 
not be identified, Mr. Doughtie esti- 
mates that there were several hundreds 
of these little fishes scattered over two 
or three acres of ground. This spot is 


some three quarters of a mile from the 
nearest water course, which is not known 
to contain any numbers of fishes. 

Now for the explanation of these and 
all other rains of fishes. There is but 
one. High winds, particularly whirl- 
winds, ])ick up water, fishes and all, and 
carry them inland where, when the 
velocity of the air and clouds becomes 
relatively lowered, the fishes fall to 
earth, (^an any one doubt that a water- 
spout such as that shown in Fig. 5 could 
pick up and carry off fishes? In ap- 
l)earance it is just such a one as once 
[)assed near me at the Marquesas Atoll 
about twenty miles west of Key West, 
Florida. This particular spout on Jack- 
fish Lake, near North Battleford, Sas- 
katchewan, ("auada, fii*st appeared from 
a wheat-field and traveled about fourteen 
miles dowm the lake until it was stopped 
by a small island. Had it lifted from 
the water and gone inland and then 
burst, it would have produced a ])rodig- 
ious fall of rain, and had there been any 
fishes in the lake under its basal end, 
these w^ould certainly have been sucked 
up in the whirl, carried inland and later 
rained dowui. No reader of this article 
who has experienced or even seen the 
prodigious effects and carrying power of 
a land tornado can have any doubt of 
the ability of a waterspout, a water tor- 
nado, to bring about a ‘ ‘ Rain of Fishes. * * 
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LAZZARO SPALLANZANI 

(1729-1799) 

By Professor A. ELIZABETH ADAMS 

ZOOLOQT DEPAATMENT, MOUNT HOLYOKE COLLEGE 


Although Spallanzani worked nearly 
two hundred years ago — his birth oc- 
curred on January 12, 1729 — his find- 
ings are still quoted, his methods com- 
mended and, especially in experimental 
science, both the variety and nicety of 
his experiments and the accuracy of his 
observations sanction his right to be con- 
sidered one of the founders of experi- 
mental zoology. “The genius of Spal- 
lanzani touched and adorned so many 
things that it is impossible to avoid com- 
ing constantly upon his work,“ writes 
Cummings,' and this statement finds 
ample proof whether the subject be of 
zoological import (digestion, respira- 
tion, reproduction, spontaneous genera- 
tion, regeneration and the like), meteor- 
ology, the founding of museums of 
natural history, or travels in southern 
Europe. 

Spallanzani’s training* was as varied 
as his interests. After spending his 
childhood at Scandiano, where he was 
bom, he began his more advanced study 
at the Jesuit College at Reggio di 
Modena in 1744 where his principal sub- 
jects were law and theology, probably 
due to the infiuence of his father who 
was an advocate. But his later sojourn 
at the University of Bologna tended to 
give his natural scientific inclinations 
free rein, and in this he appears to have 

iB. Cummings, 1916. * ' Bpallantani. ” BeL 

Prog. In ZXth Cent Vol. 11, p. 236. 

8 Data for the account of Spallanzani’s life 
are taken from the following sources: Cum- 
mings, loo. oit.; A. Massaglia, 1925. ’’Lascaro 
Spallanzani.” Med. Life. Vol. 32, pp. 149**- 
169; W. Stirling, 1902. '’Some Apostles of 
Physiology.” London, pp. 60-64; Encyclo- 
paedia Biitannica, 1911. 11th ed. s. v, Spal- 
lanzani. 


been aided and abetted by his cousin, the 
famous woman scientist, Laura Bassi, 
and by Vallisneri, professor of natural 
history at Padua and a native of Scan- 
diano. In 1754 at the age of twenty- 
five, his appointment as professor of 
logic, metaphysics and Greek* at the 
college at Reggio is indicative of his 
versatility, while his first paper, “De 
lapidibus ab aqua resilientibus disserta- 
tio,” is the straw which shows that the 
wind was blowing in a scientific direc- 
tion. In 1760, by accepting the chair of 
physics* (some authorities say it was 
natural history*) at Modena, he had the 
opportunity to give himself more fully 
to scientific work, and his paper on 
“The Origin of Springs” was followed 
by others of a zoological nature on spon- 
taneous generation (Saggio di Osserv. 
microscop, concern, il systems di Need- 
ham e Buffon, 1765), on the circulation 
(Deir azione del cuore ne’ vasi san- 
guini; nuovo osservazioni, 1768) and on 
reproduction (Prodromo di un opera da 
im primersi sopra le riproduzioni ani- 
mali, 1768). Sometime in this period he 
took priest’s orders, although it is 
thought that he was never very active in 
this profession. 

8 Subjects are variously given by different 
authorities, 0 .^., Encycl, Brit., logic, metaphys- 
ics and Greek; Cummings, logic and geometry; 
Massaglia, mathematics and physics at Univer- 
sity of Beggio Emilia, and Greek and French 
at the college; Stirling, logic, mathematics and 
Greek. 

8 At this time he is said to have received calls 
from Coimbra, Bt. Petersburg, Parma and 
Modena; Massaglia, loo. oit., p. SB. 

•Stirling, loo. c«., p. 61; M. Foster, 1901. 
"Lectures on the History of Physiology.” 
Cambridge, p. 212. 
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In 1769 he was called to the chair of 
natural history in the University of 
Pavia, and initiated his labors with a 
defense of the preformation theory. 
Here he continued his studies on the 
circulation (De^ fenomeni della circola- 
zione osservata nel giro universale de* 
vasi; de’ fenomeni della circolazione 
laiiguentc; de^ moti del sangue inde- 
pendent; dall’ azione del cuore, e del 
pulsar delle arterie, Dissertazioni quat- 
tro, 1773) and published tracts on spon- 
taneous generation, on regeneration, on 
mating habits of animals and many other 
matters (Opuscoli di fisica animale e 
vegetabile, aggiuntevi alcune lettere 
relative ad essi opuscoli dal Signor 
Bonnet e da altri scritte all* autore, 
1776). One of the outstanding events of 
his connection with Pavia was the found- 
ing of the Natural History Museum, 
which he built up largely through his 
own zeal and ability as a collector. As 
he later claimed, “It had been bom 
under his hands, it had grown under his 
direction, and owed its prosperity to his 
correspondence, activity and travels.*** 
Tlie year 1785 saw him receive an 
invitation to Padua which he did not 
accept but used as a tool for securing a 
larger salary at Pavia and for getting 
permission and funds for a journey to 
Turkey, where he was received by the 
sultan. During his absence from Pavia 
some of his colleagues began checking up 
on the specimens in the museum and 
finding some catalogued but absent from 
the shelves and being spurred on by 
jealousy of his popularity in the univer- 
sity and with royalty, they investigated 
a private museum which he maintained 
in Scandiano. There they found cer- 
tain objects labeled with tags of the 
museum at Pavia and accused him of 
filching these from the museum. He 
stood trial on his return from Turkey 
and was able to clear himself and rout 
his enemies, some of whom suffered de- 
tt Oummingt, Zoo. eit, p. £48. 


cidedly from having tampered with his 
affairs. 

The later years of his life were spent 
largely in teaching, investigating and 
traveling, in publishing other editions of 
his work on the “Natural History of 
Animals and Vegetables** and in writing 
a six-volume account of his journeys 
(Viaggi alle due Sicile e in alcune parti 
dell* Apennino dell* abate L. Spallan- 
zani, 1792-1797). His death from apo- 
plexy occurred in Pavia in 1799. 

Of what sort was this man, the bare 
outline of whose life has been sketched 
above? And why have his labors stood 
the test of time? That Spallanzani pos- 
sessed a vivid personality and an abun- 
dance of self-assurance seems evident 
from the impression he made on con- 
temporaries and from all accounts of his 
contacts with his fellow men. As Cum- 
mings pictures him we see a magnetic 
and assertive man who was bent on hav- 
ing his say in all matters that concerned 
him. 

Greedy, ambitiouB, arrogant, and at timea 
violent, Bpallunzaui was a bull-mooBe t3rpe of 
man who charged through life with his head 
down. There were many obBtacles to his sue- 
ceBB, but he bruBhed them aeide; he had many 
detractorB, but he pinned them down. To hie 
opponents in biological controversy he never 
expressed any flabby desire to agree to differ. 
They were attacked with acerbity, and whether 
right or wrong he emerged triumphant. False 
modesty was not one of the Abbd’s faults. 
When as a young man oonseious of his own 
genius, he ventured upon a crltieiam of the 
illustrious Buffon, he did so with a sardonic 
expression of his own incompetence. He never 
showed the smallest inclination to mislead his 
contemporaries into giving him less than his 
deserts. He set out to be second to none— not 
even in salary — and he succeeded and was 
proud of lt.T 

As a critic Spallanzani could be scath- 
ing. Nowhere is this more apparent 
than in his evaluation of Buffon ’s work 
on spontaneous generation in the light 
of his own accurate experimental evi- 

T Onminingt, JO0. ett., p. SSO. 
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dence. ‘‘M. de Buff on's theory is thus 
completely destroyed. Such is too often 
the fate of the hypotheses of ardent and 
fanciful philosophers, first invented and 
then sought for in nature."® And his 
friend Bonnet even thinks it worth 
while to advise him of the proper char- 
acter of scientific criticism. "The ex- 
amination of Mr. Needham's hypothesis 
on generation will require a severe criti- 
cism from you; but you will make it in 
polite, moderate, and friendly terms. 
You are acquainted with the character 
of this learned naturalist, and cherish 
the same esteem for him as I do my- 
self."® 

Together with fanciful hypotheses, 
garnished accounts of facts well able to 
stand alone receive a merited rebuke. 

Mr. BrydoDe, indeed, through his whole jour- 
ney to Etna has sufficienlly shown his attention 
to the marvellous, and, when that has failed 
him, has had recourse to the aid of his playful 
fancy to furnish him with extravagant though 
ingenious, inventions of the ridiculous kind. . . . 
But would it not have been more commendable 
to have furnished his readers with real informa- 
tion, instead of filling so many pages with these 
trivial and insipid pleasantries f In fact, after 
having rend his five letters on Etna, what idea 
do they enable us to form of the nature of this 
mountainfio 

Then perhaps feeling that he has failed 
to give proper credit, he adds : 

I do not mean, by what I have said, IndiS' 
orimlnately to condemn the whole work of Mr. 
Brydone. His ‘‘Tour'' [through Sicily] fre- 
quently contains facts and observations well- 
deserving attention. It is elegantly written, 
and the author was well acquainted with the 
secret of exciting our curiosity, and rendering 
his narrative Interesting; though frequently, 
with that kind of interest which seems more 
suitable to romance than to authentic history.^o 

>L. Spallanzani, “Tracts on the Katural 
History of Animals and Vegetables." (Transl. 
fr. orig. Ital. by J. Q. Dalyell, Esq. [2nd ed.] 
2 vol. Edinburgh. 1808); Vol. 2 , p. 22. 

e Dalyell, Transl. 1803. Letter from Bonnet 
to Spallanzani, included in Transl. of Tracts, 
etc., Vol. I. p. 158. 

10 L. Spallanzani, * ‘ Travels in the Two Sici- 
lies, and Some Parts of the Apennines." 
(Transl. from orig. Ital. of Spallanaani. 4 voL 
London 1708) ; VoL 1, footnote, pp. 208-204. 


Perhaps one of the most attractive 
glimpses of Spallan^ni lies in his own 
appreciation of his friend Bonnet, the 
man who with Trembley, Reaumur and 
Spallanzani was responsible for much 
of the experimental zoology of the 
eighteenth century. After describing 
Bonnet's urgent request to other natur- 
alists to take up and further the experi- 
ments on regeneration in earthworms 
and in higher forms, he says : 

Is there any one who would not wish to obey 
such au invitation, coming from a man univer- 
sally allowed to be one of the foremost natural- 
ists of the age? But how much mure powerfully 
must 1 have been influenced by it, who, bosides 
these invitations in common with other philoso- 
phers, was frequently and particularly solicited 
by him on this account, and who am also con- 
nected with him by the strictest friendship, 
which constitutes one of the chief blessings of 
my life.ii 

That Bonnet reciprocated that friend- 
ship and respected Spallanzani's work, 
even to crediting him with "discovering 
more truths in five or six years than all 
the academies in half a century,"” is 
evident again and again in the former's 
letters : 

I can not terminate this long epistle, my 
worthy correspondent, without renewing the 
testimony of the great esteem, and sincere 
attachment, which have been borne towards you 
by the Palingenisistis . . . Fear not that M. 
de Buffon's authority will in the least invali- 
date the truth of your discoveries on seminal 
vermiculi. You have proved yourself au excel- 
lent observer, and acquired the right of being 
believed. You have cherished no theory, but 
are satisfied with Interrogating nature, and 
giving the public a faithful account of her 
responses. Philosophers will always listen to 
you; and they will esteem your observations so 
much the more certain that you prove yourself 
to possess the art of observation.ie 

It is not surprising to find that Spal- 
lanzani was successful as a teacher. He 

Spallanzani, 1769. '‘An Eaiay on Animal 
Reproduction." (Transl, from Ital. by M. 
Maty. London.) In trod., pp, 8, 4. 

i> Oumrnings, toe. oit., p. 239. 

18 Dalyell, loo. oit., letter from Bonnet to 
Spallanzani p. 266. 

i« <b., p. 326. 
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not only had an excellent background of 
general and of scientific knowledge, but 
was always eager to try something new, 
to demonstrate his experiments before 
his students, to give them the benefit of 
his philosophical meditations. He could 
not be content with repeating the minu- 
tiae of dry detail which appeared to be 
the meat of those systematists whom he 
sarcastically termed nomenclature nat- 
uralists, ' ’ and only consented to give up 
his cherished desire to have students use 
his translation of Bonnet ’s ‘ * La Contem- 
plation de la Nature'* for their reference 
book and to give proper attention to the 
subject of nomenclature when he was 
promised an increase in salary. Even 
then it is said that he managed to inter- 
sperse his experiments in the midst of 
systematics. In addition, he possessed 
great ability as a lecturer. '^Une Elo- 
quence simple et vive animait ses dis- 
cours; la puretE et I’ElEgance de son 
Elocution seduisaient ceux qui Tenten- 
daient."^® It is probable that his un- 
willingness to conform wholly to conven- 
tional standards, his enthusiasm as a 
teacher and his vigorous scholarship all 
contributed to that popularity which led 
to his election by the students as rector 
of the university in 1778, and to his 
overwhelming reception by them on his 
return from Turkey and Vienna in 
1786. 

The second question, why Spallan- 
zani's labors have stood the test of time, 
may perhaps find a partial answer in 
the fundamental nature of the questions 
which he investigated, in the methods he 
used and in the way he recorded his 
observations. As already evident in his 
criticism of Mr. Brydone's fanciful 
writings, he had no patience with such 
a style, especially when truth itself was 
so much more wonderful than fancy. 
His ideal for scientific papers is given in 
the introduction to his “Prodromo di un 

IS CummlagB, loo. oit., p. 239. Quoted from 
66n6bier. 


opera sopra le riproduzioni animal!,’’ 
that work which was to have been merely 
the outline of a much larger work on the 
same subject. 

To lay down facta with the faithfulness of a 
true historian of nature; to pass, as much as 
possible, from the most simple to the most com- 
plicated; to bring them together, to analyze 
and compare them both with themselves and 
with the discoveries of other authors; to deduce 
with impartiality the immediate consequences, 
either favorable or contrary to the explanations 
given of those extraordinary phenomena; to 
shew how far the limits of animal physiology 
are extended by, and what utility and advantage 
may be derived from observations of this kind 
will be the principal design of this work. . . . 

As several of the results of my experiments 
will appear singular, I shall make it my business 
to describe them with precision, to mention the 
precautions and means 1 have used in making 
these observations, the temperature of the air, 
and the situation proper for the animals, 
together with the food I gave them; and in 
short, to disclose all the circumstances which 
may contribute to the understanding, and 
establishing of the facts, so, that the lovers of 
natural history, on repeating my experiments, 
may, if they please, confirm and extend them 
still farther. . . . 

I have thought a sufficient number of figures 
would be of the greatest importance to the 
subject: if they are generally ornaments in 
books of natural history, they may be said to 
be the life and spirit of mine.ie 

After reading these quotations it is 
self-evident why Minot one hundred and 
fifty years later in writing of the 
“Method of Science,” particularly as it 
concerns scientific papers, says that 
“Spallanzani established the modem 
standard. 

Nor when w© look over the contents 
of this work, whose introduction has 
been quoted in part, and find studies of 
regeneration in earthworms, in aquatic 
boatworms, of the tadpole’s tail, of tails, 
legs and jaws in aquatic salamanders, of 
legs of frogs and young toads, of the 
head and other parts of the land snail, 

Spallaniani, **BMay,'' transl. by Maty, 
loo. oit., pp. 4, 6, 6. 

17 0. 8. Minot, 1911. ”The Method of 
Science." Sci* N. 8. vol. 83, p. 188. 
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of horns in the slug^, all examined from 
many points of view (e.gf., the rate of 
regeneration, the order of regeneration, 
the effect of amount removed and age on 
regeneration, the variation in the capac- 
ity of species to regenerate, the micro- 
scopic appearance of the regenerating 
parts, does Garrison’s evaluation of the 
work seem extravagant: ** These experi- 
ments were not taken up again until the 
end of the nineteenth century, but they 
contain all the essentials of the modem 
work of Roux, Driesch, Morgan, Loeb, 
and others.’"^® 

One example of Spallanzani ^s method 
of analysis is worth consideration be- 
cause of the grasp of detail and the 
thoughtful planning of experiments 
which it reveals. After noting the 
necessity of knowing the conditions of 
the animal before and at the time of the 
operation, he sets a series of questions 
as to the results of cutting of earth- 
worms transversely into four, five, six 
or more parts. 

With regard to the consequences of the sec- 
tion, 1 examined 1. What new order and dis- 
position the dividing fibers and vessels acquire? 
2. What time it takes up after the section, 
before a new production begins to moke its 
appearance? 3. What is the form and structure 
of the reproductions; and in consequence, how 
far the^ agree or disagree with the first parts? 
4. Whether the circulation in the great artery, 
formed by the reproduction, is analogous to 
that of the whole worm: namely from tail to 
head? 6. In what manner are the groat artery, 
the intestinal tube, and the other parts existing 
in the old animal, united to the new parts? 
6. Whether, eaeieris paribuSy the reproduction 
grows in proportion to the length of time, and 
the warmth of the weather? 7. Whether all 
the parts, similar or dissimilar, which existed 
in the old, are also found in the new, worm? 
8. Whether the reproduction, after sections 
parallel to the plane of the rings, keeps the 
longitudinal direction of the worm? 9. Whether 
this direction varies with that of the plane of 
the section? 10. What interval of time is re- 
quired before the new-produced parts are able 
perfectly to perform the functions of those that 
were out off? 11. Whether on the lengthening 

10 F. H. Garrison, 1921. ''History of Medi- 
cine,^’ 3rd ed. W. B. Saunders Co. p. 380. 


of the reproduction, the trunk increases like- 
wise? 12. Whether after a certain time the 
reproduction becomes equal to the old part, 
both in bulk and length ?i0 

For studies other than those on re- 
generation, his enthusiastic persistence 
succeeded when the efforts of others 
went unrewarded, and in 1771 he was 
able to announce the discovery of the 
circulation of the blood in capillaries in 
warm-blooded animals. This was ex- 
actly one hundred and ten years after 
Malpighi had demonstrated its occur- 
rence in cold-blooded forms, and after 
Malpighi himself, Leeuwenhoek, Cooper 
and Haller had all failed in their at- 
tempts to demonstrate the phenomenon 
in warm-blooded types. As Luciani 
quotes him: 

Long have I been burning with curioaity to 
diacover the circulation in warm-blooded ani- 
mala, and to grasp it as completely as in the 
case of the cold-blooded; hence these vessels 
("umbilicals of the chick”) attracted my ob- 
servation more than any others, and invited my 
consideration, because they belonged to the said 
animals. Since the room in which I found 
myself was insufSciently lighted, and I was 
determined at all costs to satisfy my curiosity, 
I decided to examine the egg in the open, under 
direct sunlight. After fixing it in the appara- 
tus of Lyonet ("a small microscope used by 
Bpallanzani”) I turned the lens upon it, and, 
notwithstanding the strong light that sur- 
rounded me, was enabled by focussing my eyes, 
to see plainly how the blood flowed in the 
entire circuit of the arterial and venous um- 
bilical vessels. Thrilled with this unexpected 
joy, I felt that I, too, might exclaim, "I have 
found it I I have found it I ” I made this 
discovery in May 1771, and employed myself 
in the summer vacation of that year with its 
development.^*} 

Although this discovery and the ex- 
planation of the phenomenon of the 
arterial pulse are perhaps the most inter- 
esting that he made in the field of circu- 
lation, they are only two of many lines 
worked upon, such as the elasticity 

10 Spallanzani, "Essay,” transl. by Maty, 
U>e, oit., p. 14. 

00 L. Luciani, 1911. "Human Physiology.” 
(Transl.) Macmillan. VoL 1, pp. 172-173. 
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of red blood corpuscles, the functions of 
the heart and the rate of flow of blood 
through the blood vessels. 

Among Spallanzani 's investigations 
which are most often met in the litera- 
ture are those on digestion®^ and with 
good reason. These followed the classic 
experiments of R6auraur and were to 
some extent repetitious of Reaumur ^s on 
digestion in the kite and other animals. 
The thoroughness with which Spallan- 
zani carried out his studies not only on 
types of vertebrates from flsh through 
mammals, but even on himself, is indica- 
tive both of his method and his analyti- 
cal approach to the subject. He demon- 
strated the contractions of the stomach 
when distended with food, by making a 
guinea-fowl swallow hazelnuts and then 
watching the behavior of the stomach as 
it became filled by the nuts. He studied 
the effects of the stomach juices on bits 
of food contained in small metal or 
wooden tubes or in linen bags, securing 
them again for examination either by 
pulling them from the stomach by 
strings attached to them, in the feces, or 
by opening the stomach after the objects 
had been retained a certain amount of 
time. He likewise procured samples of 
gastric juice by recovering sponges 
from the stomach of various animals or 
by making himself vomit on an empty 
stomach and used these juices to carry 
on experiments in digestion outside the 
body, carefully regulating the tempera- 
ture conditions and using bits of food in 
water as controls. By these and many 
other tests he was able to demonstrate 
that the gastric juice possessed distinct 
solvent properties and prevented putre- 
faction. It is curious that ho missed 
the acid nature of the gastric juice, for 
some of his experiments seem to demon- 
strate this so adequately. 

Foster, loo. oit., pp. 212-219; Luciani, 1913, 
loo. rit., Vol. 2, pp. 153, 179, 185, 189; Stirling, 
loc. cit,, pp. 61-02; Spallanaanl, 
tions Relative to the Natural History of Ani- 
mals 'and Vegetables.'* (Transl. by Thomai 
Beddoes. 2 Vol.) 1789. 


Spallanzani likewise became much in- 
terested in the subject of respiration** 
both in warm- and cold-blooded animals, 
in vertebrates and invertebrates. These 
studies were mainly published in 1803 
after his death by his friend S6n6bier, 
but possibly failed to receive as much 
credit as others of his works because he 
was not alive to defend them. His ex- 
periments range over a large field : con- 
fining animals in stagnant air and 
noting the effects ; studies on hibernating 
animals especially when subjected to an 
excess of carbon dioxide; placing ani- 
mals with or without lungs, or parts of 
animals, e.g., ovaries, stomach, liver, in- 
testine, in atmospheric air and observing 
how oxygen is taken up and carbon 
dioxide given off by these animals or by 
their excised tissues. As Stirling sums 
it up : 

Here, waa a mighty stride forward: oxy- 
dation does not take place in the lungs, nor, 
indeed, in the blood. It is the tissues that 
respire, i.e., consume oxygen and give off car- 
bonic acid. Spallanzani bad studied profoundly 
what we now call * * internal respiration. ' ' Sec- 
ondly, it is not the oxygen taken in on which 
the tissues live, and give out carbonic acid, for 
snails and ^'worms'' give off this gas in an 
atmosphere of pure azote or hydrogen.^s 

His observations on the respiration of 
excised tissue only lack quantitative 
details to make them wholly modem in 
sound. 

The field of reproduction in the ani- 
mal kingdom claimed much of Spallan- 
zani ’s attention and his studies included 
many on Amphibia — their mating hab- 
its, the process of fertilization and the 
development of the embryo— as well as 
on higher forms. In addition to watch- 
ing the normal reactions, he investigated 
experimentally certain features of sex- 
ual behavior, especially the clasp reflex 
in Anura. Luciani quotes from the 
Genevan edition of 1876 by S6n6bier the 
description of certain experiments. 

29 FoBter, lo^* Mt, p. 253 ; Luciani, loe, 

Vol. 1, p. 375; StirUng, loe. cit., p. 72. 
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Finding two toadi in eopulation I separated 
them forcibly; I cut off the thighs of the male 
and put it down near the female; it then em- 
braced her anew. 1 cut off the hands of the 
male toad and placed it near a female; os we 
know, the males use their hands in copulation; 
it seized the female with its bleeding stumps 
and did not release her till all the ova were 
fertilized. On cutting off the head of a male 
frog in the act of copulation, it did not let go 
of the female with its arms and hands; it 
bathed the ova for an hour and three quarters 
with its seminal fluid, and nearly all of them 
developed into tadpoles.ss 

In his contention that preformation 
occurred in the amphibian and other 
Spallanzani was led astray. In no 
uncertain terms he claims that the em- 
bryo exists in the egg, simultaneously 
eliminating the ideas of the ‘^spermists*^ 
and aligning himself against any active 
role of the sperm cells. In that part of 
the ‘‘Essay on Animal Reproduction'’ 
called “On the Existence 6f the Tad- 
poles in Eggs before Fecundation," he 
compares the fecundated and unfecun- 
dated egg and failing to find any real 
difference between the two, decides that 
the embryo must exist in the egg as it 
passes down the oviduct before fecunda- 
tion. After a description of cleavage 
and embryo formation, he writes : 

6uch are the phenomena, which gradually 
make their appearance in the fecundated eggs. 
Hence it must be obvious, that these are not 
properly, as was imagined before, the eggs 
from which the tadpole grows, but rather the 
tadpoles concentrated and coiled up in them- 
selves . . . and ... the tadpoles exist before 
fecundation and require only the fecundating 
liquid of the male to unfold themselves.s^ 

As to the r61e which the seminal fluid 
really plays, he continues : 

Before fecundation, the small heart of the 
germ wants force sufficient to overcome by its 
impulse the resistance of the solids. This force 
it receives from the fecundating liquor which 
stimulates, gently irritates, and obliges the 

ssLuoianl, 1917, loo, cit,, Vol. 4, pp. 78-79. 

Spallanzani, Essay," transL by Maty, 
loo, cit; p* 42. 


heart to propel with greater power the fluids, 
through the smallest canals. The same liquid 
afterwards becomes nutritious, bringing about 
the development of the germ, which supplies 
nourishment.^^ 

But he feels that these ideas do not fit 
the case in the development of the tad- 
pole and becomes hopelessly involved in 
an explanation which really merits a 
rebuke as severe as those he adminis- 
tered to others. 

Tadpoles, or if you please, the eggs of tad- 
poles, unfold themselves considerably before 
fecundation. One of these when in the uterus, 
is at least three times bigger than the same, 
while still attached to the ovaries. They are 
animals therefore, the germs of which are not 
disclosed at first by the spermatic fluid, but by 
the juices of the mother, and since this unfold- 
ing or increase of bulk is performed by nutri- 
tion, which must imply a circulation of fluids, 
and that such a circulation can not be carried 
on without the action of the heart, we are 
obliged to infer that these maternal juices are 
themselves that kind of stimulus which the 
seminal liquor is supposed to be in birds. Con- 
sequently the heart in the germ of the tadpole 
must beat sufficiently to produce a circulation 
of fluids, without an insuperable impediment 
from the solids.*® 

In the paragraphs which follow, he ap- 
pears disturbed at the fact that these 
“tadpoles" perish unless fecundated 
and yet he can not quite assign any role 
to the seminal fluid. He finally takes 
refuge in a series of interesting but 
somewhat irrelevant questions. 

Misinterpretations appear to run 
through others of his studies on fertiliza- 
tion. Although successful in artificially 
inseminating not only amphibian forms 
(terrestrial frog, water-newt, fetid ter- 
restrial toad, tree-frog, green aquatic 
frog) but also a dog,*® he persists in 
asserting that sperm cells are not the 
fertilizing elements proper, and even 

*8 ib., pp. 45—46. 

aeF. H. Marahall, 1922. “The Phyilology 
of Reproduction. “ 2iid ed. Longmans, Green 
& Go. pp. 174-175. Quotation of a contem- 
porary English translation of Spallanzani ’s 
experiment. 
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after filtering seminal fluid, he claims 
that the flltrate alone is potent in fecun- 
dation. Why he should have interpre- 
ted his data in this way is scarcely to 
be understood both in view of experi- 
ments which demonstrated the reverse 
and his usually clear logic. As Lillie 
points out, Spallanzani deserves the 
credit for the pioneer experiments on 
artificial parthenogenesis because he 
tried ‘‘to start development of eggs, by 
electricity, by the action of extracts of 
all the various organs, by vinegar, di- 
lute alcohol, lemon juice, and other 
substances,'* although with no success.®^ 
These experiments were all undertaken 
primarily to see whether other fluids 
besides the seminal one might accelerate 
the vital process, which he believed to bo 
the role of the latter. 

One problem which interested Spal- 
lanzani almost continuously in his career 
was that of spontaneous generation.®® 
His chief opponents in this field were 
BufFon with his “organic molecules*' 
and Needham with his “vegetative 
power." Although in reading Spallan- 
zani's account of his work it is evident 
that there were some gaps in his experi- 
ments, it is certain that he was able to 
demonstrate the absence of animalcula 
in liquids contained in hermetically 
sealed flasks and sufficiently boiled, and 
Murray's claim that “Spallanzani had 
anticipated one of the most renowned of 
the experiments of Pasteur with results 
that would have satisfied the French in- 
vestigator,"®® seems fully justified. 

Among less well-known experiments 
which he carried on are those on bats. 
In an attempt to discover how these ani- 
mals avoid objects as they fly, 

»TF. B. LUlie, 1919. '"Probtoms of Fertili- 
zation.” Chicago, pp. 6-9. 

a® F. H. Garrison, loo. eit., p. 829 ; Bpallon- 
zani, ” Tracts,” transl. by Dalyell, loe, oit,, 
Vol. 1, p. 18, 

a»B. H. Murray, 1925. ” Science and Scien- 
tiflts in the Nineteenth Century.” London. 

p. 286.. 


he blinded the animal sometimes by burning 
the eyes with a red hot wire and sometimes by 
removing the organs altogether, and even filling 
up the orbital cavity with wax. Notwithstand- 
ing these mutilations, the little creatures were 
able to fiy as well as before, avoid the walls, 
and the strings suspended in the path of their 
fiight. These and other experiments led him 
to the conclusion that bats find their way in 
the dark by means of some special sense situa- 
ted in an unknown organ on the head. It is 
now generally accepted that this astonishing 
faculty in bats of directing their fiight is due 
to on exceptional development of sense of touch, 
especially in the wing membrane. ®o 

Studies in other subjects, such as 
physics, chemistry and geology, con- 
sumed much of his time in the labora- 
tory and in the field. He appeared to be 
equally at home in these branches of 
science, and in the travels which he 
undertook to add to the collections in 
the museum at Pavia, he was often 
forced to be both “naturalist and chem- 
ist." He revealed many times his inge- 
nuity for conducting experiments when 
far from his laboratory, perhaps no- 
where better portrayed than in his ex- 
amination of the phosphorescence of 
certain medusae which he collected in 
the Straits of Messina. Besides study- 
ing the anatomy and physiology of these 
curious forms, he dried them, squeezed 
them into various liquids (water, urine, 
milk) and did many other things to test 
their capacity to give off light.®^ 

A lingle medusa of a moderate size, being 
pressed and shaken in two ounces of this milk, 
rendered it so luminous that I could read the 
writing of a letter at three feet distance. The 
duration of this phosphorescence was likewise 
greater than that of the water. After eleven 
hours from the time 1 first put the medusa into 
it, it stUl retained some light; and when that 

so Oummings, loo. oit, p. 840. 

>ilt is interesting to note that Harvey 
(1920, ”The Nature of Animal Light,” Lip- 
pincott, p. 65) speaks of Bpallanzani > experi- 
ments on phosphorescence as being of ” great 
importance in understanding the nature of 
animal light.” 
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ceased^ agitation restored it, as did warmth, 
when agitation alone became ineffectual.^ 

While his ‘‘Travels’’ primarily record 
natural history observations in the 
widest sense, e.gr., erosion, rock forma- 
tion, volcanic fires, lava flow, swordfish 
and coral fisheries, varying species of 
Amphibia and birds, the customs of 
people, and dozens of other items, they 
also give us delightful and picturesque 
glimpses of his adaptability to the ex- 
igencies of traveling. 

The aacent up the steep and craggy cone of 
Etna, though not more than a mile in a direct 
line, cost me, as I have already said, three 
hours of laborious and fatiguing exertion. It 
seems scarcely necessary to say that the descent 
employed me less time, but the difference 
greatly exceeded my expectation. I found that 
to effect this descent nothing more was required, 
but to fix my feet firmly on some large pieces 
of scoriae, and balance my body, since that 
piece, from almost the smallest impulse I could 
give it, would slide swiftly down the descent, 
and convey me to a considerable distance, till 
stopped by the accumulation of the lesser pieces 
of scoriae which it drove before it; when I had 
only to select another large piece, on which I 
glided down as before; only taking care, with 
the staff I held in my hand, to turn aside the 
pieces of scoriae which followed me in my 
descent, that they might not strike against and 
wound my legs. In this manner, in a few min- 
utes, I arrived at the bottom of that decliv- 
ity.” 

An equally interesting insight into the 
fundamental humanness of the man is 

*3 Spallanzani, * * Travels, ' ’ transl., loc, oit,, 
Vol. 4, pp. 238-240. 

»a ib., Vol. 1, pp. 287-28a 


the reward of a perusal of these volumes. 
He was poignantly aware of the people 
with whom he came in contact. He 
notes the tragedy in the lives of the folk 
who live near Etna and must go nearly 
ten miles for water. He responds with 
a ready gift to the child who broke his 
jug and had no money to buy another. 
He expresses his thanks to the priest 
who helped him when he was nearly 
shipwrecked, “a man towards whom I 
shall feel the warmest sensations of 
gratitude while life shall remain. ’ He 
records his genuine appreciation of the 
gift of some pieces of rare white coral 
from another priest. 

Tucked away in the “Travels” is the 
following revealing comment by its 
author. ‘ ‘ The powers of the human 
mind are so limited that it can never 
entirely exhaust the subject it investi- 
gates. ’ However, this consciousness 
of human limitations did not keep 
Spallanzani from delving into many 
fields of knowledge, and from making 
valuable contributions on many sub- 
jects. In fact, his versatility is both 
overwhelming and refreshing in these 
days of specialization, and what is per- 
haps most amazing in his researches is 
that he made relatively few mistakes in 
his manifold attempts to find out 
nature’s secrets. 

84 ib., Vol. 8, p. 130, 

88 tb., Introd., p. viii. 
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Earliest ideas upon the subject of 
population, gathered from the writings 
of ancient peoples, appear to be nothing 
more than articulated instincts, born of 
the struggle for existence. These ideas 
sprang from the innate feeling that one 
must prevail or succumb, and that one's 
kind must prevail or finally be obliter- 
ated. What Stangeland' calls re- 
ligious veneration of procreative pow- 
ers" expresses the general trend of early 
thought, though there is an occasional 
instance of what appears to be a contrary 
trend — where a restricted population 
seems to have been desired. On closer 
scrutiny, however, these cases frequently 
disclose another purpose. 

The instinct to prevail, or — ^when it 
becomes rationalized — a war policy, 
seems to have been the central motive in 
all early population theories. Even 
during classic times, in Athens, in 
Sparta and elsewhere in the Hellenic 
civilization, what appears to be an in- 
dubitable restriction policy proves upon 
better understanding to be an early 
essay at the art and science of eugenics — 
looking mainly toward the creation of 
more effective fighting men and more 
efficient public servants. 

Most of the Greek city states regulated 
minutely the lives of their citizens.® The 
regulation of marriage and celibacy was 
expressly prescribed. Marriage was not 
entirely a religious institution, nor was 
it held to be solely a personal concern; 
it was a semi-public institution, looking 
toward the production of sound citizens.* 

^0. £. Stangeland, * ^ Pre-Malthusiao Doc- 
trine of Population,'^ p. 16. 

2 H. Blumner, "The Home Life of the 
Ancient Greeks," p. 177. 

Rofitovtzeff, "A History of the Ancient 
World," 

*’Q. W. Botsford, "Hellenic History," p. 
409. 


Here, as in most matters, the Spartans 
were particularly thorough. This virile 
city state, so frequently engaged in wars 
that decimated her fighting men, put 
into effect every possible provision for 
the production of first-rate warriors. 
Marriage was compulsory. Bachelor- 
hood was condemned by law and by 
public opinion. In pugnacious little 
Sparta, where so few escaped the sword 
long enough to attain to a great total 
of years, youth was not required to pay 
to elderly bachelors the respect custom- 
arily given to old age. Marriage was 
the honorable estate; celibacy was dis- 
graceful. Here we find expressed, both 
in law and practice, the old instinct 
to persist — if not in person, then in 
progeny — but with characteristic thor- 
oughness these Greeks added something, 
the eugenic idea. Not only did Sparta 
decree more children, but better chil- 
dren. Infanticide was practiced but 
more in consideration of quality than of 
numbers.* 

The Athenian policy was more liberal. 
There were laws against bachelorhood, 
but in peace times they were evaded; 
in fact, late marriages were generally 
advocated. Here is probably the first 
palpable evidence of a new population 
policy — an expressed desire to restrict 
the number who share in the limited good 
things of life. Further evidence is not 
wanting. The Athenians, by encourag- 
ing emigration and by permitting the 
practice of infanticide, expressly recog- 
nized the constant fact of overpopula- 
tion. We find then in Athens a middle 
policy, marking a transition from the 
program of unlimited expansion — the 
program of poor and war-like states — to 
the out-and-out restrictive policy of 

*CA E. B. Reuter, "Population Problema," 
pp. 40*-42. 
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rich, populous and peaceable states — a 
bridge between ancient and more modem 
ideas on population. 

But in defining Athenian population 
policy, the practice of infanticide must 
not be taken too seriously. It was first 
of all a eugenic measure, and secondly, a 
means of personal convenience. It must, 
however, be taken, in part, as indubitable 
evidence of a restrictive population pol- 
icy, for we find among primitive peoples 
that, wherever originally easy living con- 
ditions brought forth a swarming popu- 
lation, infanticide was practiced. In 
Polynesia it was at one time quite gen- 
eral. In Hawaii children after the third 
or fourth were strangled or buried 
alive. Tahitian fathers had the right 
of doing away with the newly born. In 
the Society Islands infanticide was im- 
posed upon women by oath.® 

Plato, in his philosophy, provided for 
a careful regulation of population — to 
preserve social equilibrium. His state 
was to consist of a limited number of 
citizens (5,040). If the number began 
to decrease, prizes might be offered to 
encourage the growth of population; if 
there was excess, colonies could be 
developed. 

Aristotle’s program was almost exclu- 
sively negative and restrictive. The 
number of children was to be strictly 
regulated. Exposure was to be the fate 
of ill-formed or superfluous children. 
Pregnant women who had already borne 
the legal number of children were to be 
relieved of their burden. 

The Romans absorbed Athenian ideas 
in the field of population as they did in 
nearly every other field of human inter- 
est ; Rome added nowhere to Oreek 
ideas — except in agriculture and in mak- 
ing war. The Greek culture and people 
spread and conquered, but conquest was 
not a principal aim. Students of Greek 
antiquity maintain that perfection was 

bCA a. M. Carr-BaunderB, ''The Population 
Problem,” pp. 147-140. 


the pole-star of the Greek culture. There 
is no mistaking, however, the Roman 
philosophy and program of conquest and 
expansion. 

The population policy of the Roman 
Empire was exactly what a policy of 
military conquest invariably demands: 
an unlimited expansion of population 
and all possible encouragement for the 
production of new citizens and worthy 
fighting men. As early as A. D. 10 the 
Lex Papia et Poppoea was enacted — 
mainly through the efforts of two 
bachelor consuls — for the purpose of 
encouraging marriage and legitimate 
fertility in Rome.® Here, as in Greece, 
marriage was a semi-public institution — 
with the primary purpose of producing 
worthy citizens. Strangely enough, the 
families of the upper classes were not 
very large, and we can conclude that 
patricians who preached one policy in 
the forum practiced its opposite in pri- 
vate. OfiBcial policy, however, was 
clear; marriage was encouraged by re- 
wards and amenities ; bachelors were 
taxed. But as time went on these regu- 
lations seem to have had little effect. 
The burden of large families began to 
bore the later and more urbane citizenry 
of Rome.^ 

Romans then were latitudinarian in 
their views on marriage. The austerity 
and the socialistic ideas of the Greeks 
were wholly wanting — or they were rep- 
resented by a few legislative gestures, 
more scoffed at than observed. Ineffec- 
tual legislative jack-o ’-lanterns for 
bachelors were hung out by the later 
emperors. Julius forbade unmarried 
women of more than twenty-three years 
jewelry and other luxuries, and he re- 
warded those who bore many children. 
Campanian lands might be held only by 
the fathers of at least three children. 

6 E. M. East, ' ' Mankind at the CrossroadB, ’ ' 
p. 45. 

E. . Stangeland, ' ' Pre-Malthosian Doc- 
trine of Population,” p. 30. 
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Most of the commonly assumed popula- 
tion policies of Rome, at least those which 
found expression in the laws of the later 
emperors, were anti-vice regulations, or 
provisions for the continuance of patri- 
cian families. Under the Emperor 
Augustus an elaborate code was enacted, 
looking toward (1) the preservation of 
class and privilege by forbidding persons 
of senatorial rank to marry persons of 
lower caste, (2) the promotion of mar- 
riage by handicapping legally the un- 
married, (3) the further encouragement 
of marriage by granting legal and polit- 
ical advantages to married parents, (4) 
the further handicapping of unmarried 
persons by abridging their right of in- 
heritance. These laws were, however, of 
little eifect, not so much because upper- 
class Romans wished to avoid the burden 
of child-rearing but because they wished 
to indulge in aU manner of irregularities. 
Finally, putting aside anti-vice legisla- 
tion and laws designed to preserve class 
and privilege, we find the policy ex- 
pressed by the remaining laws dealing 
with population to be the one made 
familiar by Roman literature and phi- 
losophy, a policy of expansion springing 
from the old instinct to prevail plus a 
reasoned policy of imperialism.” 

The instinct to survive through sheer 
force of numbers seems to have been 
general among primitive and primor- 
dial peoples. So fundamental an in- 
stinct could not fail to find reflection 
in religious doctrine and practice. Pro- 
fessor Patten® and Dr. Stangeland^® find 
that it did. In fact, primitive religions 
often made a fetish of the procreative 

8 Varro, Ap. Macrob. ''Saturn.,'' I, 16. 

Horace, "Carmen, Saeculare": "Diva pro- 
ducaa subolem patnimque prosperes decreta 
super jug^andis feminis prolique novae feraci 
lege merita. " 

Pliny, "Epistolae," vii. 

Livy, Lib. i, Cap. 9. 

•"Development ol Engliah Thought," pp, 
132-133. 

10 4 Doctrines of Population," pp. 
40-44. 


act and gave it a central position in their 
ritual and doctrine. Of this Dr. Stange- 
land has to say : 

While it would be going too far to claim, as 
some writers do, that most, or even all, religions 
had a purely phallic origin, it can not be con- 
troverted that BO -called phallic ideas have 
played a great part in very many early religions 
and religious ceremonies. The reproductive and 
fructifying powers of man naturally aroused 
his awe and reverence.ii 

Eroticism finds expression not only in 
the crude religions of primordial peo- 
ples^® and primitive modern tribes, but 
also in the great philosophical and poet- 
ical religions of the East which have 
made themselves felt in effective opinion 
down to the moment that is passing. 
Bel, the supreme God of the Assyrians,, 
was the great procreator. His wife My- 
litta symbolized the reproductive pas- 
sion of nature ; she bore the title, Queen 
of Fertility. Hebrew scripture is full of 
the propaganda of prolifleity; in fact, 
the first injunction of Jehovah to hia 
highest and final work of creation was to 
“be fruitful. “ 

The Brahmans affected celibacy as did 
the fathers of the early Christian church, 
but unlike early Christians they did not 
hold marriage in contempt, nor did they 
recommend abstention for the common- 
ality of people. 

The views of early Christians find 
a harmonious note in the asceticism of 
the precepts of Buddha, but as with 
Brahmanism, these precepts hardly 
touched the lower classes of their ad- 
herents. 

Confucius’ views very nearly coin- 
cide with those of the ancient Hebrew 
prophets and law-givers. His doctrine' 
favored the expansion of population ; he 
held that the man who died without sona 
died without honor. 

Zoroaster pronounces with full, clear 
voice the precepts of productiveness in 

Op. oit, pp. 42-48. 

IS Wettropp and Wake, ''The Phallic Idea iia 
the Beligions of Antiqul^," pp. 27 f. 
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the Zend-Avesta: ^‘Verily I say unto 
thee, 0 Spitama Zarathushtra ! The 
man 'who has a wife is far above him 
who begets no sons; he who keeps a 
house is far above him who has none; 
he who has children is far above the 
childless man.'^^® Herodotus tells us 
that in his time prizes were given in 
Persia by the king to those who had 
most children. Sacred texts of the 
Pehlevi period expressly declare that 
‘‘He who has no child, the bridge of 
paradise shall be barred to him.”^^ 
Mohammed seconds this doctrine — even 
exceeds it in recommending polygamy. 
He commands that special respect be 
paid to wives and mothers. (Stange- 
land, curiously enough, seems to hold 
that polygamy is less fruitful than 
monogamy, but he here is in face-to- 
face conflict with Mormon doctrine and 
experience.^® Possibly he confused poly- 
gamy with polyandry or with promis- 
cuity.) 

Egyptians, Greeks, Bomans and other 
Mediterranean peoples — but especially 
the Egyptians — in their religious 
thought and exercise held the reproduc- 
tive powers in greatest esteem. Every- 
where a prominent god or goddess rep- 
resented the reproductive principle: in 
Egypt, it was Khem; in Assyria, Vul; 
in India, Siba ; in primitive Greece, Pan 
— later Priapus; in Italy, Mutimus; in 
classical Greece and Borne, Venus, 
Priapus, Bacchus, Lucina. 

Pilot ^s charitable, or at least agnostic, 
attitude at the trial of Christ, and 
Christ's previous pronouncement of 
allegiance to Borne, “Bender unto 
Caesar the things that are Caesar’s and 
unto God the things which are God’s," 
to the contrary notwithstanding, Chris- 
tianity was interpreted, both on the 
Boman and on the Christian sides, as a 

la Z. A. Ragozin, * * Media, Babylon, and Per- 
sia, p. 123. 

14 Loo. oit, 

laO. E. Stangeland, Pre-Mai. Doc. on 
Pop.,” p. 49. 


revolt, if not against Borne, then against 
a great many things Roman — and 
among others the low moral tone of the 
cosmopolis, especially in the matter of 
sex relations. 

For early Christians, the celibacy of 
Christ and the 'virginity of the Holy 
Mother were over-present symbols of 
a universal propaganda against prolific- 
ity. It was not, however, the austere 
scorn of the Brahman, it was not the 
preoccupied unconcern of the high-caste 
Mohammedan who was preparing him- 
self, or his spirit, for a better life on 
earth — or somewhere not far off — it was 
the complete indifference to earthly acts 
of one who expected to migrate shortly 
to a happier and distant sphere. This 
was the teaching of Paul, the early 
church fathers and medieval Christians. 
Methodius says : 

For the world, while still unfilled with men, 
was like a child, and it was necessary that it 
should first be filled with these, and so grow to 
manhood. But *.7hcn thereafter it was colonized 
from end to end, the race of man spreading to 
a boundless extent, God no longer allowed man 
to remain in the same ways, considering how 
they might now proceed from one point to an- 
other and advance nearer heaven, until having 
attained to the greatest and most exalted lesson 
of virginity they should reach to perfection; 
that first they should abandon intermarriage of 
brothers and sisters and marry wives from other 
families; and then that they should no longer 
have many wives, like brute beasts as though 
bom for the mere propagation of the species; 
and then that they should not be adulterers; 
and then again that they should go on to con- 
tinence, and from continence to virginity, when, 
having trained themselves to despise the flesh, 
they sail fearlessly into the peaceful haven of 
immortality.!* 

Sir Thomas More in his “Utopia" 
takes a stand midway between Me- 
thodius and Luther — a view that 
was filched, we suspect, from Plato; 
“Lest any city should become either too 
great or by any accident be dispeopled, 
provision is made that none of their 

16 Methddius on virginity, recounted in H. 
Wright, “Population,” p. 6. 
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cities may contain more than six thou- 
sand persons besides those of the coun- 
try round/ Plato in his Utopia 
recommends, we recall, five thousand 
and forty people. But good Sir Thomas 
apparently counts upon a terrific death- 
rate : fourteen out of every sixteen 
children must meet an untimely end if 
each couple is only to reproduce itself, 
for he says: ‘^No family may have less 
than ten or more than sixteen children, 
but there can be no determined num- 
ber of children under age.”^® But 
with the appearance of Luther and 
the Reformation, rising reverberations 
merged in a clear, unmistakable and 
wholly different note. Prom that time 
forward, Christians and the people of 
Christian civilization took their popu- 
lation policy for four centuries or more 
from the Old Testament, from the 
Pentateuch and especially from God^s 
command to his first-made man. Luther 
sounds the full note of unlimited ex- 
pansion : 

It is 0 DI 7 necessary that we work and do not 
remain idle; we shall assuredly be both clothed 
and fed. . . , From all this we draw the con- 
clusion that whoever finds himself unfitted to 
remain chaste should make arrangements be- 
times, get some work and then dare, in God’s 
name, to enter into matrimony. A youth should 
marry not later than hia twentieth year, and a 
maiden when she is between fifteen and eight- 
een years old. Then they should remain up- 
right and serious and let God provide the way 
and moans by which their children shall be 
nourished. 

In another place good Luther says, “If 
women bear children until they become 
sick and eventually die, that does no 
haim. Let them bear children till they 
die of it; that is what they are for.“^® 
This is the view of the “he-Christian“ 
intoxicated by the poets and cognoscenti 
of Hebrew scripture. This, with the 

IT Sir Thomas More, ''Utopia,'' p. 102, 
"Ideal Commonwealths." 

18 Loo. cit. 

i» Preserved Smith, "The Age of Refonna- 
tion’," p. 609. 


military accompaniment of rolling 
drums and blaring trumpets, is a very 
ancient hymn to those genial gods who 
whisper in the ears of solemn males that 
the procreative act is a religious duty — 
willy-nilly. 

The Thirty Years’ War, which deci- 
mated the population of the heart of the 
continent of Europe, and the rise of 
Louis XIV and his like to play a while 
at the engaging game of Grand Mon- 
arch, brought a need for cannon fodder 
— for many men, brave or not brave, 
sons of otherwise happy peasants and 
happier gentry who might serve as 
chips, white, blue or gold, in this expen- 
sive and correspondingly gratifying 
play among the L*Siat-c'est-moi players. 

But before the arrival of the Grand 
Monarchs and their successors, the 
Great Powers, there was a period of 
desiccating poverty which produced in 
Bacon and Sir Walter Raleigh a conser- 
vative strain. Raleigh, even when dis- 
coursing upon war, said : 

When any country is overlaid by the multi- 
tude which live upon it, there is a natural 
necessity compelling it to disburde:. itself and 
to lay the load upon others, by right or wrong, 
for (to omit the danger of pestilence, often 
visiting them that live in throngs) there is no 
misery that urgeth men so violently unto des- 
perate courses and contempt of death as the 
torments and threats of famine. Wherefore, 
the war that is grounded on general remediless 
necessity, may be termed the general and 
remediless or necessary war.so 

But usually militarists held no such 
apologetic view. 

German theorists of the time and 
later, mostly court stewards or Finanz- 
minister with a philosophical turn of 
mind, economists to an extent — called 
Camerialists — fell in with the militaris- 
tic procession, and urged policies of 
population expansion.®^ 

soSir Walter Raleigh, "Dootriae Upon War 
in General." 

tiL. H. Haney, "History of Economie 
Thought," pp. 188, 147, 148. 
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The Mercantilists, another school of 
pre-economics economists, prescribed ex- 
panding populations. The rise of great 
powers and of mercantilism are merely 
the economic and political aspects of one 
and the same phenomenon. Huge states 
competed for the material good things 
of life and for the privilege of exploit- 
ing the alleged backward peoples of the 
world. For three hundred years the 
pale men of the earth outdid each other 
in seizing and in plundering. All this 
took men and money, but mainly men. 
The sages of the hour, who for the first 
time in the history of the world were in 
their several individualities one and the 
same person with the merchant princes, 
wrote very engaging essays setting forth 
the glories of large families. William 
the Third, heeding their advice, taxed 
bachelors, as did Colbert — Louis XIV 's 
unexampled master of extortion. Brit- 
ish colonial legislation a little later had 
a like inclination; for example, the col- 
ony of Maryland enacted that unmar- 
ried men, more than twenty-five years 
old, and childless widowers of the same 
age should, in certain circumstances, 
pay a tax to be applied to the support of 
foundlings. Prussia at this time re- 
quired marriage before the age of 
twenty-five, and subsidized the institu- 
tion. Maria Theresa of Austria broke 
tradition and permitted soldiers to 
marry. In 1767, she decreed a bounty 
to sergeants, corporals and common sol- 
diers of three kreutezri per diem for 
each legitimate child.” 

Writers and theorists to justify such 
programs were not wanting. The mo- 
tive expressed in theory and practice 
alike was plainly an extension of the 
instinct of self-preservation, a desire for 
world dominance, a militaristic doctrine ; 
argument nevertheless ran in economic 
terms. These theorists, doctrinaires, 
observers and writers noted that where 

stC. E. Stasgeland, "Pre-Mai. Doo. of 
Pop.," pp. 124-126. 


wealth was abundant there were people 
in great numbers ; and they came by an 
easy pathway to the conclusion that 
more people meant more wealth, that if 
a nation or a great city wished to bo 
wealthy, it must encourage the multipli- 
cation of population. Truth, of course, 
runs in a direction exactly opposed to 
their stream of thought : the existence of 
great wealth, or the existence of un- 
usual facilities for the development of 
great wealth, draws an abundant popu- 
lation. 

John Graunt (1620-1674) in his 

Natural and Political Observations 
Upon the Principles of Mortality 
says: 

Now forasmuch as princes are not only pow- 
erful but rich according to the number of their 
people (hands being the father as lands are the 
mother and womb of wealth) it is no wonder 
why states by encouraging marriage and hinder- 
ing licentiousness advance their own interest as 
well as preserve the laws of God from contempt 
and violation. 23 

Sir William Petty (1623-1687) spoke 
unmistakably in favor of the multipli- 
cation of population, and considered it 
the most definite sign of prosperity. In 
his ‘‘Political Arithmetic*^ he recog- 
nized a relationship between the growth 
of wealth and the growth of population. 
In his “Treatise of Taxes and Contri- 
bution** he associates population and 
wealth more definitely, giving popula- 
tion a causal character. “Fewness of 
people is a real poverty,** says this 
noble scholar, “and a nation wherein 
are eight millions of people is more 
than twice as rich as the same scope of 
land wherein are four.*' John Locke 
seconds this opinion — though Locke’s 
vigorous individualism made him more 
nearly the father of the natural liberty 
or physiocratic school of economists 
than a follower of the mercantilists, 
from whose technique physiocracy was 
in part, of course, a reaction. 

18 P. 70. 
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Thomas Mun (1571-1641), merchant 
prince and popular pundit of political 
economy, was one with his mercantilist 
collea^es in advocating swarming 
populations: ^‘Por when the people are 
many and the arts are good, there the 
traffic must be great and the country 
rich.''®* Samuel Portrey (1622-1681) 
and Sir William Temple (1628-1699) 
follow the crowd: ‘‘The true and nat- 
ural ground of trade of nations is the 
number of people in proportion to the 
compass of the ground they inhabit."*® 

Sir Joshua Child (1630-1699) was an 
ardent believer in the advantages of a 
mounting population. He felt quite cer- 
tain that an increase in numbers meant 
increasing riches, and that any decrease 
in population would bring about a de- 
crease in wealth. In brief, all the great 
mercantilists recognized a direct rela- 
tionship between population and wealth, 
but all of them put the cart before the 
horse: all of them held that population 
was cause and wealth, effect. Sir 
Charles Davenant (1656-1731), McCul- 
loch and Adam Smith, however, seem 
each to have gained a progressively 
clearer insight into the correct View that 
wealth was the cause and population 
the effect. 

Benjamin Pranklin, who was bom an 
Englishman but afterward became an 
American citizen, was in thought and 
spirit always a Prenchman. Nowhere — 
not even in America — was he so fully 
appreciated as in Prance. Pranklin 
was greatly influenced by the then cur- 
rent school of Prench economists, the 
Physiocrats. The great American sage, 
in his “Observations Concerning the 
Increase of Mankind and the Peopling 
of Countries," says something which 
sounds very much like Malthus : 

Sir Thomas Mun, ** England’s Treasure is 
Foreign Trade,” p. 12. 

Sir William Temple, ”An Essay Upon the 
Advancement of Trade in Ireland,” Vol. HI, 
p. 6, of “Work’s” (1757 ed.). 


There is no bound to the prolific nature of 
plants or animals, but what is made by their 
crowding and interfering with each other ’s 
means of subsistence. Were the face of the 
earth vacant of other plants, it might be gradu- 
ally sowed with one kind only, as, for instance, 
with fennel; and were it empty of other inhabi- 
tants, it might in a few ages be replenished 
from one nation only, as, for instance, with 
Englishmen.se 

Here undoubtedly is the most sl’i^ifi- 
cant writing upon the subject of popu- 
lation or upon the much broader subject 
of biology, for that matter, before 
Malthus; for Pranklin 's principle, if 
not the actual progenitor of the cata- 
clysmic ideas of Malthus, Darwin and 
Wallace, contained their essential ele- 
ment. 

In 1776, the first year of American 
independence and the year of the first 
practical substitution of steam-power 
for man-power, Adam Smith issued his 
great work, “The Wealth of Nations." 
Smith, like Holy Writ, is notorious for 
furnishing quotations to any devil who 
passes: Karl Marx's thunder is an echo 
from the “Wealth of Nations," never- 
theless it has been a rich source-book for 
reactionaries in every land. Smith's 
pronouncement upon population pos- 
sesses this same dual character. 

But in the main, Adam Smith takes 
the view of the out-and-out mercantilist, 
the militarist, the churchman: “The 
most decisive mark of the prosperity of 
any country is the increase in the num- 
ber of its inhabitants." Parther on, 
however, we find the slightly Malthu- 
sian pronouncement: “Countries are 
populous, not in proportion to the 
number of people whom its produce can 
clothe and lodge, but in proportion to 
that of those whom it can feed," and 
then what seems to be the very essence 
of Malthus' great essay, “Every species 
of animals naturally multiplies in pro- 
portion to the means of their subsistence 

*e«<Worki” (Bigelow edition), p. 847. 
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and no species can ever multiply beyond 
it.'' As an effective basis for the great 
Darwinian hypothesis which, as every 
schoolboy now knows, was filched 
directly from Malthus, this statement is, 
however, wholly inadequate — in fact, it 
is the exact opposite of the Malthusian 
thesis : all species tend to multiply 
beyond the means of their sustenance — 
whereas Smith says, ‘'No species can 
ever multiply beyond the means of their 
subsistence." This was the last signifi- 
cant voice heard before 1798 when the 
great essay on the principles of popula- 
tion was uttered by Malthus. 

Hume, Wallace, Dr. Franklin and 
Adam Smiths — these were teachers of 
Malthus, but pupil exceeded masters. 


William Godwin, the latter day saint 
and proponent of perfection, was the 
man who incited the revered, and ordi- 
narily mild, Mr. Malthus to break into 
argument with his father, who was an 
ardent Godwinite and a follower of 
Rousseau. The elder Malthus and God- 
win, with their irrepressible and dis- 
tressing optimism, stirred in young T. 
R. Malthus a bit of irritability which 
gave the world — if we remember the 
debt of Darwin and Wallace — the most 
influential piece of writing to which it 
has ever fallen heir. For upon its cen- 
tral thesis (life everywhere tends to ex- 
ceed the warrant for it) rest principal 
propositions in nearly all departments 
of modem philosophy and science. 



A BLACK BEAST IN OUR EDUCATION? 

By Professor GEORGE MALCOLM STRATTON 

UNIVEE8ITT 01* OALIFOSNIA 


At a recent conference upon the scien- 
tific study of young children — a confer- 
ence of leaders from the United States 
and Canada — the presiding officer 
warned the members against an attempt 
to get rid of crime. He believed that 
such an aim would bring danger of utter 
fixity, of utter stagnation, in the coun- 
try. And he had in mind, I know from 
immediate conversation with him. Presi- 
dent Hoover ^s call upon America to 
become a law-respecting instead of law- 
flouting nation. Another member of the 
conference, one of the most distinguished 
of the women present, who had recog- 
nized the need that children should early 
adapt themselves to the requirements of 
their society, aroused instant opposition 
because of this restriction upon the 
child's full liberty. Under fire, she at 
once protected her position and agreed 
that in teaching the child to obey law, 
the child must above all be taught to 
know when to break law. 

Such views, even if extreme, illustrate 
a trend in American education in the 
home, in the school and in the larger 
community. It has long been with us, 
giving color to the opinion of foreigners 
that we have the world's worst-behaved 
children. Indeed, we should probably 
have to go to the Eskimo to find boys 
and girls as self-willed as ours. The 
national commission to report to the 
President upon the violation of law in 
America will of course look into, but also 
beyond, the laws themselves and the 
lawyers, judges, police and the pro- 
cedure of our courts. If thorough, their 
observant eye will stay long with the 
children, and not simply with delinquent 
children. For the attitude even in those 
who keep the laws, an attitude estab- 
lished in early life, is important. An 
attitude in the public generally toward 
law, toward all restriction of individual 


liberty, affects our education, which in 
turn confirms the attitude in the public 
generally and invites license. 

Now this trend in our education has 
received fresh impetus from studies of 
repression. Under the infiuence of 
Breuer, Freud and others this field has 
been given a new significance for mental 
and physical health and for emotions 
and for character itself. And in conse- 
quence there has come the desire to rid 
the young of their harmful repressions, 
to avoid a paralysis of the youthful 
spirit, to encourage initiative and the 
free expression of personality. Behind 
this massed attack upon evils too often 
in the family and in the schools, evils 
which all liberal minds will wish de- 
stroyed, there is an eagerness for a new 
form of liberty. 

And yet in this right eagerness, we 
might receive the new sensibly. We 
might contrive, like an older child, to 
hold things in two hands at once. In 
our impulsive delight in the novel benefit 
from unrepression — especially when this 
chimes so well with our national zeal for 
freedom — we may find ourselves like a 
hungry and thirsty dog that, suddenly 
coming upon water, drops his bone in the 
deep pool to drink and then discovers 
that he still is hungry. 

Now in the admirable ardor for in- 
dividual freedom and self-expression in 
childhood, one too often misses an equal 
ardor for the conditions which make for 
freedom and self-expression. One might 
imagine, from the long tale of wrongs 
wrought by parents and teachers, that 
the happiest place for the personal devel- 
opment of the young would be the 
jungle. Fortunate the child, one might 
believe, whose wise father and mother 
had in infancy abandoned it to wolves or 
apes. But such jungle children as are 
actually observed, say in India — ^are they 
046 
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of all the young the freest in their pow- 
ers, liberated, clear-eyed, masters of 
their fate, captains of their souls f On 
the contrary, they seem more like beasts 
than men, without the human gait, men- 
tally like imbeciles. They seem to have 
nothing of personality to express, and 
no means to express this nothing. Kip- 
ling’s Mowgli of the ‘^Jungle Book” is a 
noble figment of an unprecise imagining. 
It is neither fact nor truth. Romulus 
and Remus, if given no more than their 
native impulses, trained after the man- 
ners of their foster-mother, would have 
been impossible founders of the Eternal 
City and of that great Roman culture of 
justice through law which changed the 
face of Europe and America. 

The truth is, that spiritual attainment 
is only in part to be prepared for nega- 
tively, by removing inhibitions, by avoid- 
ing repression. The qualities which are 
most valued in the person — his intellec- 
tual penetration ; his escape from super- 
stition; his creative power in arts such 
as literature, painting or music ; his 
tolerance of opposition ; his broad inter- 
ests and sympathies; bis contempt of 
lies; his unswerving loyalty to child, 
wife, country, humanity; his readiness 
to go to the stake or the block or to 
drink hemlock, for his scientific or moral 
or religious convictions — these are not 
to be had merely by removal of external 
obstacles; the man, the woman does not 
spontaneously come into these great 
traits by sheer individual growth or 
maturing. On the contrary, along with 
the removal of external obstacles and 
with the happy growth, these things 
come only by creative achievement in a 
community whose eyes, generation after 
generation, are fixed upon their achieve- 
ment, and who invite and praise and 
whip one another onward in the great 
corporate enterprise. This is why no 
Dante, no Darwin, no Beethoven steps 
forth from the jungle. Liberty is not 
enough. Ages of constructive work by 
men and women forgotten entered into 


the great attainment by these and all 
other geniuses. Creative power obtains 
its knowledge, its skill, its interests, its 
aims, its appreciations, nine tenths from 
others. The personality that comes to 
such original expression is nine tenths a 
creature of the spiritual city in which it 
lives. Both genius and talent, to change 
Goethe’s saying, require the storm of the 
world. Even your relatively detached 
critics, like Descartes and Voltaire, are 
no less the children of a surrounding and 
sustaining enterprise than are the more 
attached geniuses like Wesley or Lincoln. 

In our American life and schooling 
we rightly recognize the evils of repres- 
sion, but we need not think it the black- 
est of beasts. Most of us who are healthy 
can stand much repression — finding it 
uncomfortable, perhaps, but without 
lasting damage. I sat by a lady at din- 
ner a few days ago who spoke to me 
bitterly of her early training. Her child- 
hood had been so repressed by a rigid 
Presbyterianism that when recently she 
was in Geneva she could take no pleasure 
in the Reformation Monument there, 
with its stately sculptures, its inscrip- 
tions, its noble planting, because she dis- 
covered John Knox among its heroes; 
and in Edinburgh, as she passed his 
house on the High Street, she could only 
stick out her tongue at itl I listened 
sympathetically; I was glad that I had 
escaped her kind of training. And yet 
I could not but see that, with all the 
wrong done her childhood, hers was not 
a frustrated personality. She had done 
and was still doing enviable things. Her 
early discipline, dour as so much of it 
was, had given her far more than it had 
taken away: she knew and loved things 
honorable, she was both zealous and sane 
in her work for social betterment, and 
had subjected her high intelligence to a 
training which had given her an expert 
leadership recognized by all those in her 
kind of work throughout the nation. 
She undoubtedly had been made less 
happy, but had not been crippled by 
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those early years. Unfortunate as they 
were, they were ten times less unfortu- 
nate than would have been the untram- 
meled life of the gutter snipe. 

The slight damage which the normal 
person usually receives from such re- 
pression as is part of intelligent and 
fairly sympathetic discipline can be seen 
if we look to a larger company. It has 
long seemed clear that ministers* sons 
generally go wrong; cases in plenty can 
be cited by any one; and it stands to 
reason that it must be so, for these lads 
are made rebellious by home austerity. 
And yet, the facts, when gathered im- 
partially and on a wide scale, show the 
very opposite; show that ministers* sons 
are in a highly favorable situation. 
What an actuary might call their “ex- 
pectation” of becoming distinguished is 
better than that of most others* sons. 
Above the children of laborers, farmers 
and artisans, in this respect, come the 
children of business men; and above 
these stand the children of professional 
men. And within this highest class the 
sons of clergymen are no whit behind 
the rest. Even doctors and lawyers give 
no higher quota of children who come to 
attainment. In spite of the economic 
straits in which clergymen’s families are 
reared ; in spite of what the anti-repres- 
sionist might call their utter damnation 
from snivelling Presbyterianism, Bap- 
tism and Methodism, the ministers’ 
households have proved to be nurseries 
of talent; in general, we have contrived 
none better. Bepressions have been 
there on every hand. To the unpene- 
trating observer the air seemed heavy 
and stifling, from basement to attic. 
And yet something was present in the 
homes of these children which really 
gave them freedom, liberating in them 
what their fellows were to recognise and 
praise. Repression, then, while always 
uncomfortable and sometimes disastrous, 
is not the great source of disaster; it is 
not the reef on which most lives are 


wrecked. It is not the one fact in child- 
hood to be feared above all else. 

Obviously repression is not the chief 
cause of crime ; although in saying this, 
one stems a latest current of the tide. 
The trends of thought here shift twice 
daily, as though controlled from the 
moon- Only yesterday was law-breaking 
attributed mainly to degeneracy with 
certain clear physical marks. But this 
theory suffered because too few criminals 
and too many law-abiding persons had 
these very marks of degeneracy. Then 
crime, it was said, is due first of all to 
poverty. Yet too often we find young 
violators whose parents are by no means 
in poverty ; indeed, America, the wealthi- 
est, the least necessitous of lands, leads 
the world in crime. Still later the cause 
is thought to lie in lack of intelligence; 
until facts put this, too, in its place. 
For too many of our criminals, young 
and old, have as high intelligence as 
those who obey the laws. The most of 
criminals indeed have an endowment of 
intellect quite adequate to lawful living 
in our civil order. 

At the moment, we hear of repression 
as the chief cause of crime, especially in 
the young. At the annual convention of 
the National Parent-Teachers* Associa- 
tion in New York recently, a professor of 
sociology spoke in the newest vein, tell- 
ing the great gathering of delegates, 
more than a thousand strong, that the 
excesses found in the youth of to-day 
are but a protest against coercion in 
home and school. And at the far 
smaller conference of experts in child 
development, already mentioned, the 
same thought was expressed, that delin- 
quency is due chiefly to repression. 

Now if this were true, if in this the 
chief cause had really been disclosed, 
then America should be the most law- 
abiding of lands. For our children in 
home and school are the least repressed 
in the world. And it is precisely our 
young criminals who have experienced 
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for the most part less than the least 
parental repression among us. The 
great part of them have known no real 
home at all, but early were waifs and 
strays. 

And here we come into view of the one 
most important of all the causes. Other 
facts doubtless weigh — inferiority of 
physique, poverty, feeble-mindedness or 
mental disease — but the one fact which 
by direct observation in school and 
juvenile court enters oftener than any 
other is a lack of such training as comes 
from the normal home. This training is 
not mere knowledge, to be picked up in 
the house or street or newspaper or pub- 
lic library. It is not to be had, one 
regrets to say, in school, even in the 
advanced school; for the graduates of 
high school or college or university may 
not have received it, and far too often 
despise the social order. The unbroken 
home is its chief single source ; and with 
all the charges to-day against homes and 
parents, no equal substitute has yet been 
found for the plain home and the plain 
mother and father. Unnecessarily and 
even harmfully they may repress; and 
yet commonly they more than offset 
whatever damage comes from their re- 
pression. The more profound and per- 
manent injury to the child comes, not 
from the normal home or school, but 
from those cracked shells of home and 
parentage where the child finds the least 
restraint and is trained into no sure 
habit and purpose. He goes through 
life with chaotic impulses, which once 
might have been given form and beauty. 

We may quite properly be afraid, 
then, of repression, but still more may 
we fear weedy personal growth without 
repression and guidance. Indeed in our 
present education, behind which is our 
traditional zeal for liberty, the greater 
danger is that we shall over-prize per- 
sonal freedom and under-prize the bene- 
fits which come only from a civilized 
social order itself. In our lower and 
higher schools we are tolerant of slovenly 


conduct, speech and thought because 
these seem to betoken independence and 
self-resource. And because law-breaking 
seems a sign of this same admirable atti- 
tude, we are too little repelled by law- 
breaking and unwittingly foster it. 
Crime in quite extraordinary amount 
springs from the practical bearing so 
common with us, namely, that each per- 
son may properly regard himself as the 
supreme fact, for which the rest of the 
world is but a limiting condition. Men, 
women and things, he feels, are but 
stimuli for his responses. 

We shall never be radical toward law- 
breaking until we destroy these roots ; or 
rather, until we grow others strong 
among them. In school and home we 
shall have to give our youth a rooted 
attachment to the heart of the social 
enterprise itself. At present among 
teachers, scientists and laymen, the per- 
son is encouraged to see in the order and 
institutions of society bu^ flimsy conven- 
tions, to be brushed aside like cobwebs in 
his way. He becomes boorish toward the 
subtle assistants of his life. He grinds 
his hob-nails into the most delicate 
fabrics of the spiritual loom. All things 
but his own crude spontaneities he re- 
gards as ^'bunk.” Our educational 
creed in the quarters fashioned by a one- 
sided individualism is to-day as narrow 
as those creeds of Protestantism yester- 
day in which the individual thought of 
little but himself. It all bears a repul- 
sive egoism. Mr. Haldane has recently 
said that the self-made man of America 
seems to the European somewhat ruth- 
less. One may venture to think that 
there is a certain ruthlessness in Ameri- 
cans not self-made but shaped by our 
schools and by our American spirit gen- 
erally. We have never as a nation quite 
reconciled liberty and law, but each man 
is airy toward any regulation incon- 
venient to himself. Americans are not 
convinced of the need — and the teacher- 
leaders meet in vogue are taking away^ 
what little conviction there is of the need! 
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—of loyalty toward such culture and 
cultural institutions as we have attained, 
still defective though they are. 

For only by a cultural order which 
centuries and millenniums were needed 
to create, and by the institutions of such 
an order, do we attain the very individ- 
uality, the very originality we prize, 
The eminent danger with us — not only to 
our laws, but also to our success in litera- 
ture, art, morals and religion — lurks in 
the ruthless form of our individualism — 
a form essentially wasteful of the indi- 
vidual because he is left untrained in 
expression and without substance to ex- 
press. In those regions where we Ameri- 
cans succeed most impressively — in 
wealth-maldng, in architecture and in 
science — our success comes by another 
attitude, not by swagger of individual- 
ity, but by individuality essentially mod- 
erated, tempered into respect for an 
order of things beyond the individual. 
Our marked achievement in amassing 
wealth, in building and in scientific dis- 
covery and application has come and 
comes from creative individuals, but 
from individuals who have had to submit 
to a great order outside themselves ; who 
consent to it and find their consent is 
not an enemy but a friend to their self- 
expression. By their very submission, 
strange to say, they find themselves en- 
franchised and given the freedom of the 
realm. 

This attitude to be observed where 
originality most thrives is seen to involve 
an essential repression, but a repression 
which because it is in some deep manner 
accepted and approved and knit without 
rift into the personal structure is also 
without lasting protest and paralyzing 
rebellion. The weedy impulses — of the 
merchant to take what he wants, regard- 
less of trade principles and ownership; 
of the architect to build without heed of 
cost or use ; of the scientist to follow his 
own sweet will and peer into things irre- 
spective of their significance for other 
minds, and to explain irrespective of 
other facts and of the canons of induc- 


tion — these weedy impulses, where we 
have achieved most, have been handled 
in a manner which Rousseau and Pro- 
fessor John Dewey and their near or 
distant followers might with difiBculty 
approve. The native impulses have been 
given an unnatural form, a form of 
social art. The spontaneous here has 
thrived, but has had to make its peace 
with an external law and order. 

Our education, if it is to come to frui- 
tion, then, must recognize how glib and 
shallow is much of the patter about re- 
straint. There are repressions and 
repressions ; and of some we must get rid, 
and to others we must add strength. 
There is no place here for wholesale 
dreads and rejections. At a certain 
point one must plant his intellectual feet, 
and like some old schoolman abruptly 
say distinguo. The undiscriminating 
talk to students, parents and teachers — 
as though children burst into bloom by 
mere removal of constraint — such talk 
comes of loose thinking, of inexact obser- 
vation and of that glamour which a kind 
of anarchy has for some noble minds. 
The spiritual anarchist for whom all 
external law is bondage has a good case, 
but hardly good enough. America 
surely need not stagnate or become en- 
slaved merely by becoming more respect- 
ful of law, whether it be in home or 
school or nation — she with her larger 
margin of safety in this respect than 
any other country. She can become even 
more free and creative, and at the same 
time more order-loving. And only by 
education can this be done. So that the 
outlook will be dark indeed if teachers 
and parents are bedeviled, by a limited 
truth of psychology, into a panic fear 
of all governance of the child. The 
least repressed of peoples need not make 
repression their bugbear. The very free- 
dom of the young can not be attained 
except by what must involve some re- 
pression; and if this becomes our bSU 
noirBt we are apt to diminish rather than 
increase the full round of things propi- 
tious for our children. 



SUNLIGHT AND ITS MANY VALUES 

By Professor VICTOR E. LEVINE 
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Dove non entra sole, entra il medico. — Italian proverb {Where the sun does not go, the 

doctor goes). 


The sun has ever exerted a profound 
influence on mankind. To the race in 
childhood the sun was a god. In the old 
mythologies the sun was personified and 
given human attributes. It was also 
believed to be the chariot wheel of a 
vehicle driven by the sun-god, Phoebus 
Apollo. 

Sun worship is not a thing of the past 
altogether. There ia yet extant a re- 
ligious sect in Persia that still adheres 
to the practice. The American Indian 
still carries on his sun dance and prays 
to the great Sun Power. The soulful 
prayer of the Shoshone chief living on 
a reservation near Pocatello, Idaho, re- 
veals the faith held in the potentialities 
for happiness and health possessed by 
the sun : 

Great Sun Power! I am praying for my 
people that they may bo happy in the summer 
and that they may live through the cold of the 
winter. Many are sick and in want. Pity 
them and let them survive. Grant that they 
may live long and have abundance. May we go 
through these ceremonies correctly, as you 
taught our forefathers to do in the days that 
are past. If we make mistakes pity us. Help 
us, Mother Earth, for we depend upon your 
goodness. Let there be rain to water the 
prairies, that the grass may grow long and the 
berries be abundant. 0 Morning Star, when 
you look down upon us, give us peace and re- 
freshing sleep. Great Spirit, bless our chil- 
dren, friends and visitors through a happy life. 
May our trails be straight and level before us. 
Let us live to be old. We are all your chil- 
dren and ask those things with good hearts. 

Sunshine is a very old remedy. The 
same instinct which led ancient people 
to worship the sun as a god led them also 
to a belief in the therapeutic value of 
sunlight. Since the earliest times men 


have recognized the value of sunlight in 
the prevention and treatment of disease. 
The ancient Egyptians recognized sun- 
light as a healing agent. On the island 
of Cos in the Greek Archipelago, where 
Hippocrates, the father of medicine, 
practiced, the citizens erected a health 
temple and dedicated it to Aesculapius, 
god of sun, medicine and music. The 
colossal statue at Rhodes was a monu- 
ment to the sun-god, Helios. The Ro- 
mans built sun parlors without win- 
dows. Coelius Aurelianus, a Roman 
physician, advised the use of sun baths 
in chronic affections. To Pliny has been 
attributed the statement: Sol est rente- 
diorum maximum. 

Oribasius of Pergamum, who lived 
during the last quarter of the fourth 
century and who was the physician of 
Julian, quotes Herodotus as follows: 

The sun is especially necessary for people who 
need restoration and the increase of their 
muscles; yet one must be careful of the rays 
which first pass the clouds, and avoid the rays 
which collect in places protected from the wind. 
One must further take the precaution that In 
winter, spring and autumn, the sun strike the 
patients direct; in summer this method must 
be avoided with weak people; the head must 
be covered during the treatment. 

From this interesting statement it 
seems that the Greeks had laid down 
specific directions in the sun treatment 
of the sick. The use of sunlight as a 
therapeutic agent was known to the 
Arabians. Avicenna, the famous Ara- 
bian physician, who was a poet and who 
is believed to have participated in creat- 
ing the Rubaiyat, also favored sun treat- 
ment in disease. 
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The method of treatment through sun- 
light was sooner or later discarded and 
sank into oblivion. It was revived again 
about the eighteenth century. Unfor- 
tunately, it was at that time regarded 
as a means to be used only by the quack. 
To illustrate the regard in which helio- 
therapy was held, we may cite the caae 
of a physician well known in his day, 
Dr. Lettsum, who prescribed sun baths 
in the treatment of tuberculosis. He 
founded the Royal Bathing Hospital at 
Margate, an institution for the treatment 
of surgical tuberculosis, which still con- 
tinues its beneficent activities. He re- 
ceived from his colleagues nothing but 
laughter and derision. There is a little 
poem about him that indicates their 
attitude. 

When patients come to I 
I phyeice, bleeds and sweats ’em 
And if they choose to die 
What’s that to If I Lettsum. 

In 1774 Faure advocated exposure to 
sunlight for the treatment of chronic 
ulcers of the limbs. In 1815 Chauvin 
published a work on “Insolation'' in 
which he urged the use of the sun for all 
diseases associated with feebleness, ex- 
haustion and apathy. The names, how- 
ever, that stand out most conspicuously 
in actinotherapy and heliotherapy are 
Finsen and Rollier. It is mainly through 
their efforts that it has come to be recog- 
nized that sunlight itself or the ultra- 
violet ray is a very important factor in 
the treatment of disease and in the devel- 
opment and maintenance of health. 

The advent of the sun in scientific 
medicine is no less glorious than that of 
the microscope, antisepsis and anesthesia. 
Its reintroduction into modern therapy 
is a decided contribution, and constitutes 
a whole new chapter in the history of 
medical progress. 

The first modern institute for the 
scientific treatment of disease by means 
of light was established by Niels Finsen 
in Copenhagen. For years his work re- 


mained unnoticed and unappreciated. 
After the publication of his book, 
“Chemische Lichtstrahlen in der Medi- 
zin," physicians gradually turned their 
attention to his methods. Finsen dem- 
onstrated beyond doubt that lupus vul- 
garis, that is, tuberculosis of the skin, 
can be cured by the action of ultra-violet 
rays on the affected parts. When Finsen 
died in 1904 his work had become suffi- 
ciently recognized to induce the Danish 
government to establish the Finsen 
Medical Light Institute. It is now 
directed by Dr. Axel Reyn and continues 
to be a center of attraction for physicians 
and patients the world over. 

Another mighty personality that looms 
large in the development of sun treat- 
ment is Dr. A. Rollier. In 1904 he estab- 
lished an institute for treatment by sun- 
light. It is situated in Leysen in the 
Ormonts Valley of the Swiss Alps. His 
famous sun baths have proved most 
beneficial to sufferers from chronic 
ulcers, from anemia and rickets, and 
from several forms of tuberculosis of the 
skin, bones, joints and glands. 

Rollier has gone even a step beyond 
attempts to cure. He has entered the 
more vital field of prevention. Children 
with reduced powers of resistance 
brought on by various diseases such as 
measles and whooping-cough, who are in 
danger of developing tuberculosis, are 
boarded at the Rollier school. They con- 
duct their studies in the open air for 
two hours every day and with clothes 
consisting of no more than a loin cloth, 
linen hat and a pair of shoes. They rest 
for two hours every day and fill in the 
remainder of their time with nature 
study and Swedish drill. 

Let us delve a little into the nature of 
sunlight. The ether is traversed by a 
great variety of electromagnetic waves 
of various length. The longest of these 
are the Hertzian waves, the so-called 
radio waves which possess the ability to 
carry sound into every home. These 
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waves may be many miles in length. 
They are invisible. The next shorter 
variety of wave-lengths are the infra- 
red rays of the spectrum. Still shorter 
waves are the ultra-violet rays and yet 
still shorter in wave-length are the lumi- 
nous rays of the sun. The shortest rays 
are the X-rays or Roentgen rays and the 
gamma rays from radium. 

The unit of measurement adopted for 
measuring the wave-lengths of various 
rays is the Angstrom unit, which repre- 
sents one ten-millionth of a millimeter. 
The table below gives the wave-length of 
the different kinds of rays known. 


Kinds of rays 

Wave-length 
Angstrom unit 

Gamma rays from 

radium 

0 to 0.1 

Boentgen rays 

0 to 500 

Extreme ultra-violet 

radiation 

0 to 2,000 

Middle ultra-violet radi- 

ation 

2,000 to 3,000 

Near ultra-violet radi- 

ation 

3,000 to 4,000 

Visible radiation 

7,800 to 5 million 

Electric waves, wireless 

telegraphy, radio 

5 million units to 

waves 

miles 


The emanations from the sun make 
up a mixture of rays of different wave- 
lengths. The sun 's rays are either 
visible or invisible. Newton made the 
pioneer observation that what is called 
white light consists of a variety of 
colors, the familiar spectrum when light 
is passed through a prism. One color 
differs from another only in wave- 
length. The white light or visible spec- 
trum is only a portion of the rays com- 
ing from the sun. Beyond the visible 
red rays there is an invisible infra-red 
region made up of waves of much 
higher wave-length than the rays of the 
visible spectrum. Beyond the visible 
violet rays, there is the ultra-violet 
region with rays much shorter than the 
rays of the visible spectrum. 


The visible rays produce light and 
constitute about 14 per cent, of the sun ’s 
total spectrum. The infra-red rays pro- 
duce heat and constitute about 85 per 
cent, of the sun’s output of radiant 
energy. The ultra-violet rays are the 
chemical or actinic rays and make up 
only 1 or 2 per cent, of the sun’s rays. 
The visible portion of the spectrum may 
be completely shut off, but if a photo- 
graphic plate is placed in the ultra-violet 
region it will still become sensitized. 
The therapeutic properties of sunlight 
are now believed to reside largely in 
the ultra-violet rays, although it can not 
be denied that the infra-red rays as well 
as the luminous rays are also important 
from a biologic standpoint. 

The quantity of ultra-violet light that 
reaches a person depends upon many 
factors. The ultra-violet rays are very 
readily absorbed. In order to get their 
biologic benefits very little should in- 
terpose between the sun and the sur- 
face of the body. Clothes may prevent 
the ultra-violet rays from reaching us. 
The shoulder strap of the bathing suit 
keeps the skin underneath from tan- 
ning. Porous, thin and loosely woven 
clothing presents to ua a better chance 
for the appropriation of these rays. 
The type of clothes worn by women is 
better adapted to the reception of ultra- 
violet from the sun’s rays than the type 
of clothes worn by men. 

Impurities in the air also conspire ta 
filter out ultra-violet rays. The great 
offenders in this respect are smoke, 
fumes, dust, bacteria and moisture. In 
an industrial center, therefore, less ul- 
tra-violet is bound to reach the surface 
of an individual. 

Ordinary window glass lets in the 
luminous rays but unfortunately ex- 
cludes the ultra-violet rays. A sun 
parlor with windows closed is uselesa 
so far as the therapeutic value of these 
rays is concerned. Although ultra-violet 
prevents rickets, white rata kept in glass 
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boxes exposed to bright sunlight, never- 
theless, develop this disease. In the last 
few years new types of window glass 
have been made. These are now being 
used in some hospitals and sanitaria. A 
hotel in Chicago has recently equipped 
its guest rooms with this new type of 
window glass. There is no doubt that 
in the very near future the old window 
glass will be universally discarded for 
the glass that allows the ultra-violet rays 
to pass through. 

The amount of ultra-violet that finally 
reaches us depends also on the season of 
the year. There is much more ultra- 
violet in the summer months than in the 
winter months. In July and August the 
ultra-violet content of sunlight is of 
maximal value. In December and Janu- 
ary the ultra-violet content of the sun^s 
rays is minimal or less than 5 per cent, 
of its maximal value. 

Lack of ultra-violet is believed to be 
partly responsible for the increased rate 
in sickness and death during the winter 
months. The sun is practically dark- 
ened for more than half a year. As a 
result of indoor living brought about by 
inclement weather during the winter 
months, the little sunlight available is 
hardly utilized at all. It is the lack of 
sunshine that is responsible at least 
partly for people weakening physically 
during the winter months and succumb- 
ing easily to disease. Pneumonia, influ- 
enza and the common cold are most 
prevalent in those regions where and 
in those seasons when there is least 
sunshine. The statistics kept by the 
U. S. Department of Commerce show 
an interesting interrelation of mortality 
rate to sunshine hours. Plotting the 
curve for death-rate and sunshine hours, 
let us say for the years 1922 and 1926, 
we see at a glance that the death-rate 
increases as the months grow darker 
and decreases as the sun returns. Even 
spring fever with its feeling of aim- 
lessness and lassitude arrives at the end 


of a long period of practically sunless 
days. The feeling is often noted on 
rainy or foggy and cloudy days during 
winter or any other time of the year 
and is often described as the under-the- 
weather feeling. It very often disap- 
pears with the coming out of the sun. 



Rklation between mortality rate and 

SUNLIGHT 


The fact that the winter months are 
accompanied by a marked increase in 
morbidity and in mortality should lead 
us to the use of artificial sunlight during 
those months. Especially is such use in- 
dicated for people with subnormal vigor 
and health. Maughan and Smiley have 
shown that during winter months treat- 
ment with ultra-violet reduces the inci- 
dence of the common cold about 40 per 
cent. 

Sunlight has many values. It adds 
considerably to general well-being. It 
improves the body metabolism. No 
plant, animal or human being could live 
without it. It invigorates physically. 
It enhances mental powers and brings to 
the front the more positive and stimu- 
lating emotions. 

The sun's golden lancers 
Were watching the dancers 
Down In the meadow one day, 

When the buttercup said, 

' ' I '11 woger xny head 
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I *m brighter than jou are to-daj. ’ ’ 

**And what do jou think” 

Said the beams with a wink, 

”Haa made you so strong and so gayf ” 

Sunlight is a powerful bactericide. It 
also plays a great part in the develop- 
ment of immunity. It raises markedly 
our resistance to local or general infec- 
tion. It helps to build the hemoglobin 
and the red cells in the blood, and it 
serves to keep the coagulability of the 
blood up to normal. It improves the 
excretory function of the skin, giving 
rise to a healthy skin, soft, velvety and 
slightly moist. It keeps the muscles and 
nerves of the body in tone. It there- 
fore gives bodily poise and prevents 
overweight. Sunlight is God’s way of 
preventing disease. 

Borne look for health is pills 
And some in rules; 

Borne grope for it in stuffy, 

Cheerless schools, 

But from the wind-swept fields, 

A voice proclaims 
”Your health lies neither there 
Nor there, 0 fools.” 

Oh contemplate the lilies, 

Look I soy! 

And ohase your patent 
Humbugs quite away, 

The sun had spread her 
Golden vesture down. 

And bids you to her picnic, 
dome and play I 

Sunlight has proved of great value in 
the treatment of disease. Medicine is 
getting away from drugs. As a matter 
of fact, the pharmacist is now compelled 
to make a living by selling articles other 
than drugs. The prescription counter 
now oQ^upies a little obscure corner of 
his establishment. We are getting to rely 
more and more for the maintenance of 
health or for recovery from disease upon 
the three greatest of modem physicians, 
Dr. Sunlight, Dr. Diet and Dr. Quiet. 
In tuberculosis, in infantile tetany, in 
richipts and in anemia, sunliglit or ultra- 
violet has remarkably favorable effects. 
In^he treatment of chronic ulcers of the 


limbs, and in skin infections, such as 
acne, boils, carbuncles and lupus vul- 
garis, sunlight or ultra-violet also serves 
as a very efficient therapeutic agent. 
Whenever a tonic is needed, as in acute 
infection, in convalescence, in muscular 
weakness, in anemia, in general debility 
and in neurasthenia, sunlight or ultra- 
violet can be used to great advantage. 
In short, sunlight or ultra-violet is a very 
valuable aid to the progressive physician. 
We may also state that the infra-red rays 
are effective in the treatment of muscle 
pain, rheumatism and arthritis. 

In the preparation of a patient for a 
major or minor operation, sunlight or 
ultra-violet treatment should hardly be 
omitted. In the event of a low serum 
calcium and low platelet count, it raises 
the coagulability of the blood by increas- 
ing its calcium content and the number 
of blood platelets. It thus prevents ex- 
cessive losses in blood through unneces- 
sary hemorrhage. By raising the alka- 
line reserve of the blood it may prevent 
the post-operative nausea and vomiting, 
which are symptoms of acidosis. The 
liberal use of carbohydrate, calcium-rich 
foods and sunlight or ultra-violet helps 
very much to prevent risk resulting 
from surgical intervention. 

We have one vitamin, the anti-rickets 
vitamin or fat-soluble D, that acts bio- 
logically in the same manner as the 
ultra-violet rays. It can, therefore, cure 
or prevent rickets. This vitamin is not 
widely distributed in foods and is not 
very abundant. It is found especially in 
such fats as are contained in egg-yolk 
and in liver. Cod-liver oil is a very good 
source of this vitamin. Vegetable fats 
have none of it. Recently it has been 
discovered that exposure to sunlight or 
to the ultra-violet rays converts foods 
that allow the development of rickets to 
foods that cure and prevent rickets and 
do other things which sunlight or ultra- 
violet rays are capable of. All foods 
contain ergnsterol or a compound simi- 
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lar to it. This substance has the power 
to absorb ultra-violet and to hold it for 
future biologic use. Several food com- 
panies have already caught the possibili- 
ties of adding nutritional value to their 
products and have already put on the 
market irradiated foods. 

A very striking and interesting effect 
of sunlight or of ultra-violet and even 
of substances like cod-liver oil that con- 
tain vitamin D is its ability to increase 
the acidity of the stomach. The stomach 
under normal conditions has a certain 
amount of hydrochloric acid. This 
amount of acid serves to destroy bacteria 
which enter the stomach by way of the 
mouth and by way of the large intestine. 
Without this acid or with too little acid 
in the stomach and intestines, bacteria 
find their way into these organs, pene- 
trate the walls, circulate in the blood 
and start an infection somewhere in the 
body. When a person is unable to dis- 
infect himself on account of insufficient 
acid in the stomach he is in danger of 
harboring infection. 

The acid of the stomach washes down 
into the upper part of the small intes- 
tine and keeps that part of the ali- 
mentary tract in an acid condition. 
Intestinal acidity is very essential to the 
health of a person. When the upper 
part of the intestine is neutral or alka- 
line, not only does it become highly bac- 
terialized, but the calcium, phosphorus 
and iron of the food fail to be absorbed 
and pass out of the body unused. 

As a result of inability to use calcium 
and phosphorus, a child develops rickets 
or infantile tetany. As a result of in- 
ability to use iron a young person or an 
adult is sure to develop anemia. Anemia 
in the child or in the adult is more com- 
mon in winter than in summer. The 
symptoms of anemia are also severer in 
winter than in summer. 

The value of ultra-violet in the treat- 
ment of anemia has again been recently 
demonstrated at the Iowa State College. 


Dr. Jongewaard observed that two thirds 
of the girls coming to the clinic had 
secondary anemia, the hemoglobin rang- 
ing from 50 to 70 per cent. He advised 
these girls to take a diet rich in hemo- 
globin-building material, to go to bed 
early and to stay out of doors as much 
as possible. Ho also treated them with 
ultra-violet rays. His findings have led 
him to the conclusion that sunshine is a 
part of nature’s mechanism for promot- 
ing the assimilation of iron and for the 
production of hemoglobin and red cells. 

Sunlight serves as a mental and emo- 
tional stimulant. It has a tonic effect on 
the mind. Mental tests for children in 
England attending sun classes bring out 
the fact that as a result of mere exposure 
to sunlight the pupils showed marked 
improvement in mental capacity and in 
general alertness arising from rapid co- 
ordination of thought and action. Sir 
Henry Gauvain in his work at the Lord 
Mayor Treolar Cripple’s Hospital and 
College at Alton, England, noted that 
the London school children and the crip- 
pled lads who did not take sun baths 
averaged one year in mentality behind 
the tuberculous children who were 
treated by light. 

At the commencement of the sun 
classes in the English observations, many 
of the pupils were listless, tired or lazy. 
As the sun classes continued, they 
gained in self-confidence, in self-reliance 
and in powers of observation. They 
finally developed excellent e&prit de 
corps, increased vitality and initiative. 
Aimlessness and lassitude disappeared 
and the children manifested a constant 
craving to tackle a set piece of work and 
to get it completed. 

Sunlight or ultra-violet light also 
favorably influences the emotions. It 
exhilarates and induces a sense of gaiety 
and well-being. It dissipates gloom and 
depression. Few people commit suicide 
on days of sunshine. Most of the sui- 
cides occur on drab days and during the 
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sanies winter months. In this connec- 
tion it is apropos to cite Norman Davey : 

The lun is a dispeller of ill-humor. He is the 
hoaler, the life-giver. He ia the only true doc- 
tor of the troubled mind. He is the best 
apothecary in the world. There is no tonic sold 
for gold over any druggist’s counter so remedial 
as that celestial pick-me-up which is poured 
for nothing each morning over that wide counter 
which is the brim of the earth. 

On the walls of Dr. Rollier’s consult- 
ing room in his famous light sanatorium 
the famous inscription is to be read: 
De toutes les fleurs la coeur humaine est 
ce qui a le plus hesoin de soleil. 

Kcyserling in the “Travel Diary of a 
Philosopher “ exclaims, 

What would man be without sunt He would 
not exist at all. The whole of his being is sun- 
produced, sun-born, supported by the sun and 
withers when the mainspring of life turns away. 
The more I advance in recognition the more I 
profess sun-worship myself. During these ter- 
rible months when the sun only throws a hasty, 
disdainful greeting upon Esthonia . . . the 
curve of my life declines every time. My body 
feels ill, my vitality decreases, my soul loses in 
tension. And conversely, periods of my highest 
creative power always coincide with the longest 
days. 

Youth must live in the light. It is 
therefore no wonder that great artists 
have endeavored to depict on the same 
canvas the spirit of youth and sunshine. 
Vincent Homer, George Bellows and 
Frank Benson have awakened through 
their paintings the longing for the spon- 
taneous enjoyment of outdoor life, of 


fresh breezes and bright sunny days. 
Sorolla y Bastida, of Spain, is another 
painter of sunshine. His magnificent 
paintings arc flooded with it and vibrate 
with the jollity of youth. 

To be out in the open air whenever 
possible and as long as possible is the 
great need for every man, woman and 
child. Too much time altogether is spent 
indoors. The sun bath is even more 
essential as a means of conserving health 
than the water bath. The hundreds of 
thousands of persons who visit the sea- 
shore for the purpose of sea bathing 
derive great benefit from exercise in the 
sea water, but much greater benefit from 
the exposure of their bodies to the sun. 

Too many people fail to get the bliss 
that comes from sprawling on the green 
turf and playing and working close to 
Mother Earth. Too many people are ill 
from sunshine starvation. The individ- 
ual who thinks that he is out in the open 
in his closed automobile fails to realize 
that it is his car and not he that is get- 
ting a sun-bath and the beneficent ultra- 
violet rays. To the great number of 
invalids who are bedridden we have to 
add another and surprisingly larger 
group of individuals who are auto- 
ridden. 

No wonder that Richet called man 
“homo stultissimus, “ or “ idiot-man, “ 
because, having knowledge of the pre- 
vention of disease, he does not apply 
that knowledge to the best of his 
advantage. 



A CAPTIVE-BORN CHIMPANZEE 

By BESSIE A. WHITE 
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'‘There he is, and I wish you luck!’' 
With these cheering words did a tired 
and nerve-wracked keeper place in my 
outstretched hands 1,720 grams of cold, 
starved, cage-dirty anthropoidism, just 
forty-eight hours old, and with forty- 
nine centimeters of atrophied umbilical 
cord still attached. Two days before, on 
October 1, 1928, our fine, big chimpan- 
zee, Marianne, had given birth to this 
baby, and although she seemed to be a 
very tender and adoring mother and 
very solicitous of her offspring in all 
other ways, she made no attempt to nurse 
it or even to take it up in her arms. 
She herself missed not one feeding, even 
the day it was bom. She sat by it, 
crouched in a protecting attitude, and 
when she did move away, the faintest 
whimper brought her hurrying back to 
nuzzle it and respond to its cries with a 
soft, purring note. For two days she 
was left undisturbed, in the hope that 
the nursing instinct would develop suffi- 
ciently to prompt her to take the little 
one up against her breast; but as the 
little body grew steadily colder and the 
cries weaker, it was decided to take him 
from her and try artificial rearing. The 
little mite was apparently oblivious to 
bis surroundings, but even as I softened 
with vaseline the dried accumulations of 
meconium, and prepared to wrap him in 
wool flannel, he clutched my apron with 
a strong grip, which little act promptly 
transformed him, in my mind at least, 
from a newborn chimpanzee to a forlorn 
little baby, desperately in need of a 
mother. A full scientific description of 
his size and general appearance at this 
time will be found in an article by Dr. 
Herbert For, “The Birth of Two An- 
thropoid Apes,” Journal of Mammalogy, 
February, 1929. 


After one and one half hours exposure 
to a warm October sun, a rectal ther- 
mometer was inserted. It did not regis- 
ter. External heat was applied in the 
form of hot water bottles, and the little 
body was held in a warm oven several 
times for two or three-minute intervals. 
Later an electric stove was placed so the 
heat was reflected directly upon him. 
At 4:00 P. M., the thermometer was 
again inserted, with the same result. 
The external heat was continued, how- 
ever, and by 5:30 P. M., he was per- 
ceptibly warmer. His temperature at 
this time was 97.6* F. 

He voided urine frequently, but had 
no further stool after being taken from 
the mother until he was given a half 
teaspoonful of milk of magnesia on his 
fifth day. This brought a large, dark 
brown stool, showing traces of meconium. 
From then on, all stools were of a bright 
yellow, soft-formed, and averaging three 
of about two ounces each in twenty-four 
hours. 

Feeding for the first forty-eight hours 
after he was received at the iaboratory 
was by means of a medicine dropper, 
swallowing being induced by tipping 
the bead back or massaging the throat, 
sometimes both. Some of the first few 
feedings were regurgitated, but by eve- 
ning he was retaining all of it. On the 
advice of Dr. J. C. Gittings, he was given 
evaporated milk diluted with six parts 
of water, one half ounce being all he 
could be induced to take at a time. This 
was given every two hours, day and 
night. Early on the third day of this 
artificial feeding, he suddenly began 
searching excitedly with his mouth* 
Lest he lose the inspiration, an empty 
nipple was quickly thrust between hia 
parted lips. He sucked vigorously for a 
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minute while a hastily prepared bottle 
wajB being attached to the nipple. His 
medicine dropper feedings were over. 
The attention he gave that bottle would 
please the most anxious mother. At the 
age of one week, he was taking from ten 
to twelve ounces of diluted milk in 
twenty-four hours. 

During the first three weeks, he lost 
weight, dropping from 1,720 grams to 
1,440 grams. On the twentieth day, one 
half teaspoonful of cane sugar was added 
to the daily quantity of milk formula, 
and at the age of four weeks, he weighed 
1,574 grams; at the end of the second 
month, 2,136 grams; third month 2,514 
grams; fourth month 2,923 grams; fifth 
month 3,220 grams; sixth month 3,544 
grams. Experience showed that the 
sugar, while it seemed to promote a gain 
in weight, could be increased only very 
gradually, and at the first sign of diar- 
rhea was cut entirely until the stools 
were again normal. At the age of six 
months, one and one half teaspoonfuls 
to the daily quantity of formula, twenty 
ounces, seemed the proper amount. 

Early in January, raw, unpasteurized 
milk, diluted to correspond with the 
evaporated milk formula, was substi- 
tuted for one feeding a day. As no 
unfavorable results followed a few days 
of this, the raw milk was used exclusively 
thereafter, with the exception of a few 
days when it was deemed wiser to boil 
the milk because of a slight diarrhea. 

At the age of four and one half 
months, a tablespoonful of oatmeal gruel 
was added to one feeding a day, and 
two weeks later, the yolk of an egg was 
added to the day's formula twice a week. 
Vegetable purees were then tried, first 
spinach and, later, pea, but these were 
eflPectively scorned. Nor did these latter 
foods meet with any greater favor with 
our older chimpanzee “Lizzie" and the 
gorilla. 

Considering the six months as a whole, 
there was really very little trouble with 
the digestive tract, and, as we learned 


later, the development of bone and 
muscle was progressing very satisfactor- 
ily. During October, his first month, 
and occasionally during November, it 
was possible to give him the benefit of 
direct sunshine for short periods, but 
with the exception of a few mild days in 
February, it was necessary to suspend 
this during the winter months. In the 
absence of definite records of teething 
in the chimpanzee, at least it can be said 
that this was proceeding normally, 
although perhaps a bit retarded, due to 
lack of natural feeding. 

During the fifth month, when he was 
making definite attempts to draw the 
bottle to his mouth unaided, care was 
taken that both hands were left free. 
Almost every time he used the left hand, 
even though he did not attempt to 
clutch anything with the right at the 
same time. The question rises — was the 
right, from instinct, left free for emer- 
gencies, such as falling or sudden need 
to move? Very early, it was learned 
that he could take his bottle much more 
comfortably if held in an upright posi- 
tion. At such times he kept a firm grip 
on the clothing of nurse or keeper, but 
as he grew older this clutching instinct 
gradually diminished, as though he no 
longer feared falling. 

During the latter part of the first 
month, orange juice and cod-liver oil 
were added to his diet in small amounts. 
This resulted in intestinal disturbances, 
as did subsequent attempts. During the 
third month, however, the results were 
more favorable, and by the end of the 
third month, he was taking one half tea- 
spoonful of orange juice and ten drops 
of cod-liver oil daily. 

Early in December he was drooling 
at the mouth after the manner of teeth- 
ing babies: His first tooth, the right 
lower incisor, appeared January 29, 
when he was almost four months old. 
The left was through February 16. 
Nearly a month later, March 13, the 
right upper incisor was plainly felt, fol- 
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lowed ten days later by the left. Three 
days later, the lower left lateral incisor 
-appeared, and the right was all but 
through at the time of his death on April 
12. During this teething period he 
seemed anxious to bite on any firm sub- 
stance within reach, but at no time waa 
there any marked swelling or other sign 
of undue infiammation. 

During the early weeks, although his 
eyes were wide open and bright, he was 
apparently incapable of focusing his 
vision. His hearing and sensitiveness to 
touch, however, seemed very acute. At 
the slightest sound or the most careful 
adjustment of his covers, he would start 
violently. At the end of the first month, 
his eyes seemed to have more expression 
and he appeared to be beginning to cor- 
relate sight and sound. If a person 
stood at the foot of his basket and talked 
to him, his eyes would be directed at 
that person. If the person moved away, 
but ceased talking, his eyes would remain 
directed as before; but if the person 
resumed speaking after moving, the 
baby 's eyes would almost invariably fol- 
low the sound. At the age of six weeks 
there seemed to be no doubt that he could 
focus his vision. 

By the time he was two months old, 
he would frequently give a short respon- 
sive bark or grunt when spoken to, and 
sometimes tried to imitate the *‘ooh-ooh- 
ooh'^ of his elders. He seemed to enjoy 
attention just as a human baby does, 
and favored us with his first smile at the 
age of six weeks. Whether he preferred 
men to women it is impossible to state, 
but certainly he responded more readily 
to a man’s voice than to a woman’s. 

By this time he had developed a vigor- 
ous temper, and did not hesitate to dis- 
play it if his bottle was too long delayed 
to suit him. He would start with a series 
of grunts, which would soon reach a 
high-pitched “ ooh-ooh-ooh, ” and then a 
succession of shrill screams so intense 
that they usually choked him into a few 


seconds of breathless ailenee. As soon 
as he recovered his breath, the same 
tactics were resumed until the desired 
bottle was forthcoming. At this age he 
seemed to recognize the keeper and me, 
regardless of whether we were in our 
working uniforms or in street clothes. 

He certainly seemed to have two types 
of response when spoken to. To Mr. 
McCrossen and myself, and a few others, 
he returned a soft, sometimes throaty, 
‘'ooh-ooh-ooh,” but to certain others he 
replied with a sharp, excited bark, which 
must have been indicative of dislike, 
because later when one of these men had 
part of the care of him, he gradually 
tempered his response to him from the 
shill bark to the friendly greeting that 
he reserved for those who had the more 
intimate care of him. 

Nor were his discriminatory powers 
limited to persons. He very early 
learned to associate a spoon with cod* 
liver oil, and fought vigorously against 
taking anything by that method, unless 
‘‘primed” by a taste from a finger 
dipped in the food. 

During the first few weeks, he would 
lie in his basket in the position in which 
he was placed, but soon showed a decided 
preference for lying on his back. He 
liked to be held, his favorite position 
being upright against a person’s shoul- 
der. During the fifth and sixth month, 
he remained awake much more during 
the day, and then would frequently turn 
from his back to his side and back again 
in his play, often pulling on a bar or 
other object to help himself over. Bits 
of rope, some with teething rings or 
other toys tied to them, were suspended 
within convenient reach, and these also 
were frequently used to help himself 
about. A popular position was to turn 
on his side and raise his head and shoul- 
ders, supporting himself on his forearm. 

In the matter of activity and develop- 
ment of locomotive powers, this baby 
probably missed his mother fully as 
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much, if not more than in the matter of 
nourishment. The baby orang-utan, 
* ‘Lucky,” only six days older than this 
baby chimpanzee, “Julius,” was able at 
the age of three months to cling to the 
bars with all four limbs, and get about 
by himself as far as his solicitous mother 
would permit. “Julius,” on the other 
hand, missed the rough-and-tumble 
handling that was the lot of the little 
orang-utan from his second day in the 
world, when the mother orang calmly 
draped him across her hip and left him 
to cling for himaelf while she moved 
about the cage. This enforced use of his 
muscles certainly must have gone far 
toward developing them. Nor does he 
seem to resent this schooling in self- 
reliance. if he crawls too far away to 
please “Maggie,” his mother, she reaches 
out with cither arm or leg, grasps him 
by the most convenient part and re- 
trieves him. I have seen her cup her two 
feet about his little head and pull him. 
At such times he evidently thinks co- 
operation is the wisest policy, because he 
usually grasps her hair, thus relieving 
the traction on himself. All this gym- 
iiiLStic play little “Julius” missed, be- 
cause monkey-house keei3ers and labora- 
tory assistants, as a rule, do not have as 
much spare time as does a captive orang. 

IScratching — characteristic of all ani- 
mals, but perhaps more closely associated 
with the i)ri mates — was first noticed in 
this chimpanzee at the age of three and 
one half months, feeble but unmistak- 
able. It would seem that this must have 
been an impulse of the fingers rather 
than the consciousness of any need of it, 
because he would perform the same ser- 
vice on the arm or face of a person hold- 
ing him and with equal attention to 
technique. During the first six weeks, 
he would all too frequently scratch his 
face in an alarmingly vigorous, but alto- 
gether different manner. The outspread 
palm would, either by intention or acci- 
dent, come in contact with his face, and 


immediately the flexed fingers would be 
drawn down the face as though to pull 
away something that might be annoying 
him or obstructing his vision. This 
resulted in many little abrasions, one of 
wdiich, at the left side of the base of the 
nose, after many disturbances of the 
scab, developed into one of the dark pig- 
mented spots so common on the faces of 
these animals. There may be some sig- 
nificance to the fact that after the power 
of focusing his vision seemed definitely 
established, this little mannerism of face 
scratching ceased. 

No human baby over enjoyed the ex- 
quisite flavor of his toes any more than 
did this tiny ape. As soon as the early 
morning bottle was finished and he was 
returned to his bed, he always managed 
to capture one foot, and holding it to 
his mouth with both hands, would bite 
and suck on it to his heart’s content. 
During the process of restoring the labo- 
ratory work-room from an improvised 
nursery to its normal appearance, it was 
difficult to pass his box without pausing 
for a word. Immediately the foot waa 
withdrawal from his mouth and I was 
greeted with a face-wide smile, usually 
the foot being generously offered to me 
for a taste. However, when I appeared 
at his side with my coat on, the signal 
that he was about to be taken back to 
the monkey house for the day, all play 
was promptly abandoned and he immedi- 
ately became very ten.se. If I didn’t 
take him up at once, he would hold up 
both arms, purse his lips and begin a 
soft “ooh-ooh-ooh,” a perfect picture of 
anxious jileading. Whether the pres- 
ence of the coat had any effect on him 
or not, it is impossible to state. The 
interval between the first bottle and his 
removal to the monkey house was about 
the same each day. Perhaps it was 
coincidence that he was tired of lying in 
his box after that length of time, and 
wanted to be taken up. Again, perhaps 
he had learned to look for that little inci- 
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TPTE CHIMPANZEE AT THE AGE OF FOUR AND ONE HALF MONTHS 

Tins WAS THE EXPRESSION WHEN THE ANIMAI. WAS PLA(’JJ). 1t SHOWS VJiHY AVELL THE FORM 

OF riST-MAKlNG 


dent in Ills claily routine just as he looked on rcR'ord swunf^ back 1o the celestial 
for his feedinfe^ On the other hand, no juiif^les, leaving the little body to path- 
matter how many times I stopped at his ology, zoology and all the various other 
box, he seemed contented to lie there and “ologies^* so dear to science, 
play until 1 appeared with the coat on. The first question that rises in the 
When the return trip from the monkey mind of the reader — and naturally — is, 
house to the laboratory was made in the why was the bottle feeding necessary? 
evening, he was usually asleep, and Why did not the mother ape suckle this 
roused only partially as he was taken up, baby ? Many theories have been ad- 
This fascinating picture of babyhood, vanced, but none can be proven the 
ditfering from the human only anatomi- (*orr(‘ct one. The smaller, old world 
cally, was progressing serenely until the monkeys are known to eat the placenta 
end of the sixth month, when clouds ap- shortly after it is expelled. This mother, 
peared on the horizon. A restless night Marianne,*' did not eat the placenta 
— fever — two weeks of illness and sus- at this birth, nor did she offer any ob- 
pense — and on April 12, the soul of the jection when, it was removed from the 
only captive-born, bottle-fed chimpanzee cage nearly two hours later, although 
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she had very evidently mouthod it, per- 
haps siick(‘d blood from it, as f;hown by 
blood on }jer face after liavin^ h(*r head 
down in tlie straw wJiere it had fallen, 
and also l)y tears in tlie afterbirth. 
Neilhei’ did ‘ 'Ma^^p:i(‘, ’ ' tlie oran^-utan 
moth(‘r, make any attempt to eat hers, 
but simply severed the eord with her 
teeth aft(‘r approximately twenty -eit?ht 
lioiirs and })iished the placenta over 
at^ainst the door of her eaf^e, as she 
mif^ht do with anything she didn’t want. 
Jaietalion in “Maggie” has apfiarently 
been entirely normal, and she has been 
a model mother. Dr. H. IT. Donaldson, 
when eonsultt'd in the matt(*r, exfiresed 
the o]>inion that perhaps the presence of 
visitors and members of the Garden 
personnel may have distnrbc^d ” Mari- 
anne” by depriving her of the privacy 
slu; might, be ex])ee,t(*d to seek. How- 
ever, both the iiinei* and outer cages have 
dens to wliich she could easily have re- 
tired liad she so d(^sir(*d ; but when it was 
known beyond doubt that she was in 
labor, sIk; still remained in the most ex- 
posed part of her quarters. Dr. Donald- 
son suggested further that the separation 
of the male and female at almost the 
height of labor might have frightened 
lier and made her unduly apprehensive, 
it is highly probable that “Marianne’s” 
neglect was due to a eombinaliun of 
causes and it is the opinion of the writer 
that her youth was no small factor. 

That she was not entirely lacking in 
maternal instinct is shown by the fact 
that she cuddled and mouthed the baby, 
show(*d deep concern and solicitude 
when he cried, and resented his being 
taken from her. Mr. J. L. Buck, who 
brought her from Africa when she was 
ai)f)roximately thrt'c years old, tells hoAV 
at that time she “mothered” a smaller 
chimpanzee in the same group, cud- 
dling him to her breast and struggling 
valiantly to carry him about, even 
though he was not a great deal smaller 
than herself, and well able to w^alk. 


Her own otfspring she made no attempt 
to x>ick up. 

In like manner “Josephine,” another 
chimpanzee, i)resented to the Zoological 
Gardens by Mr, Alfred M. Collins, 
“mothered” little two-year-old “Na- 
poleon” when he was allowed in her 
cage. At first, the little fellow’s visits 
wer(‘ necessarily limit(‘d, lest he become 
too tired from the unaccustomed excite- 
ment and play. “Joseidiine” soon 
learned that attempts to entice one or 
the other of them into another compart- 
ment of the cage uerc* for the sol(‘ piir- 
j)ose of sei)arating them, and she was al- 
ways on the alert to prevent this. 1 have 
seen her take up a ])osition beside him 
so that he was near her hii), give a low 
bark and wait; but “Na|)oleon” con- 
tinued with his i)lay. She turned, gave 
him a sharp slap on the back of thi‘ liead 
and resuimal her position of waiting. 
“Naf)oleon” was evidently satisfied 
M’here he was, but, thoroughly' under- 
stood what was expect(*d of him. He 
beat the floor with his hands and 
screamed a fcAV times to registcu- his ])ro- 
test, but nevertheless scrambled liastily 
to her back and was borm* away to the 
outside cage. 

For some time before “Josephine” 
came to the Garden, she had had a 
Schmidt’s monkew as a cage mate. This 
littl(‘ creature also served as an outhd 
for “Josephine’s” maternal instinct. 
She carried him about, clinging to her 
breast, wdierever she went. One night 
they were placed in Hei)arate cages, but 
morning found both cages broken open, 
and “Josephine” cuddling her adopted 
baby as usual. “Josephine” was un- 
questionably a nullipara, having been 
brought from Africa before she was 
fully adult; but the maternal instinct 
was surely a large part of her emotional 
make-up. Unfortunately it was not pos- 
sible to give her an opi^ortunity to breed 
in the three and one half years she lived 
at the Zoo. 
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However, the instinel to cuddle and 
protect tlie young seems not confined to 
the females. The above-mentioned “Na- 
poleon/^ now about four y(*ars old, when 
allowed to ap[)roaeh tins baby of his own 
kind, immediately tried to take it up. 
When lie found this was not allowed, he 
put both arms aroiiml it and ])atted it 
gently. Whi‘n the baby cried, he tight- 
ened his embrace and siieeded up Ili(‘ 
patting. The baby grasped the hair on 
his arm, and although “Napoh^onV 
attention was soon attracted elsewhere, 
he held the cajitive arm ])erfectly still 
and made no atli^mpt to free it from the 
baby fingers. On the other hand, Jis 
one baby to another, these ap(‘S seem all 
too human. Little “Orplian Annie, “ 
the year-old orang-utan, was not so 
gentle, and while she would touch him 
V(Ty gently at first, she would slyly 
watch for a chance to })ull his arm or 
leg; but her chief deliglit was to steal 
liis covm's Avith which she immediately 
proceeded to adorn hei>;elf. The baby 
himself Avatclu'd thesi' other animals very 
solemnly and made no attempt to play 
Avith them. 


When this baby chimpanzee Avas 
shoAvn to his mother for the first time 
after removing him from her cage 
(about tAVo months later), she came 
forward to the bars, gave a few short 
barks ami gaz(»d intently at him., The 
same thing hapjiened on two or three 
subsequent occasions, but after that 
“ Marianm* “ simply gave him a bfired 
look and continued Avhat she had been 
doing. 

])espit(* his mother’s indifTer(*nee, this 
little ape seemed to thrive very wcdl 
under artificial feeding, because after 
deatli it Avas discovered that bony and 
muscular development was all that could 
be (‘xiiected in a normal breast-fed 
animal. We take* this as an indication 
that our attempts to approximate his 
normal alinuuitary needs Avere success- 
ful. 11 is death Avas dm' to an acute in- 
fection that not infreciuently attacks 
even the most carefully guarded, breast- 
fed human babies. A detailed account 
by Dr. Kox of this linal illiK'Ss and the 
lindings at autoiisy will appear in the 
Zoological Society’s laboratory report 
for 1!):J0. 



566 


THE SCIENTIFIC MONTHLY 


r 




A RECENT PHOTOGRAPH OF MR. EDISON 


— Ilaehriich 




THE PROGRESS OF SCIENCE 

IN HONOR OF MR. EDISON' 


Tins ceremony is a part of the cele- 
bration of Mr. Edison’s invention of the 
electric lamp. It is also the dedicnti:)n 
of the Edison Institute of Technology, 
the gift of Mr. Ford. Both are in fact 
national tributes to Mr. Edison. 

The multiplication of the amount of 
light in the world a thousandfold is 
worthy of celebration, for darkness is a 
forbidding limitation upon righteous 
human activities. 

When Mr. Edison invented the electric 
lamp he may perhaps have thought just 
to produce plain light and more of it at 
less cost. I surmise that his wildest 
ambition was to relieve the human race 
from the curse of always cleaning oil 
lamps, scrubbing up candle drips and 
everlastingly carrying one or the other 
of them about. He may have thought to 
add safety to Chicago against a second 
accident from an oil lamp. 

But the electric lamp has found in- 
finite variety of unexpected uses. It 
enables us to postpone our spectacles for 
a few years longer ; it has made reading 
in bed infinitely more comfortable; by 
merely pushing a button we have intro- 
duced the element of surprise in dealing 
with burglars; the goblins that lived in 
dark corners and under the bed have 
now been driven to the outdoors; evil 
deeds which inhabit the dark have been 
driven back into the farthest retreats of 
the night; it enables the doctor to peer 
into the recesses of our insides; it sub- 
stitutes for the hot-water bottle in aches 
and pains ; it enables our cities and 
towns to clothe themselves in gaiety by 
night, no matter how sad their appear- 
ance may be by day. 

And by all its multiple uses it has 
lengthened the hours of our active lives, 
decreased our fears, replaced the dark 

1 Address given by President Hoover at Dear- 
born, Michigan, on October 21. 
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wuth good cheer, increased our safety, 
decreased our toil and enabled us to read 
the type in the telephone book. It has 
become the friend of man and child. 

In making this, as in his other great 
inventions, Mr. Edison gave an out- 
standing illustration of the value of the 
modern method and system of invention, 
by which highly equipped, definitely 
organized laboratory research trans- 
forms the raw material of scientific 
knowledge into new tools for the hand 
of man. 

In the earlier times, mechanical inven- 
tion had been the infrequent and hap- 
hazard product of genius in the wood- 
shed. But science has become too 
Roi)hi8ticated a being to be wooed in such 
surroundings. Nowadays a thousand 
applied science laboratories, supported 
by industries of our country, yearly pro- 
duce a host of new inventions. 

I can perhaps illustrate this modern 
method of invention. The fundamental 
natural laws of electricity were dis- 
covered three quarters of a century ago 
by Faraday, Hertz, Maxwell and other 
great investigators in the realms of pure 
physics and mathematics. Faraday dis- 
covered that energy could be trans- 
formed into electricity through induc- 
tion — the theory of the electrical 
generator. It was one of the momentous 
discoveries of history. 

It is related that Mr. Gladstone was 
induced to visit Faraday’s laboratory to 
see this new scientific contraption. When 
Gladstone is said to have made the char- 
acteristic practical man’s inquiry, ‘'Will 
this ever be of use to mankind ? ’ ’ Fara- 
day replied, ‘ ‘ Some day you will collect 
taxes from it.” 

Mr. Edisph; using organized system- 
atic laboratory researchers been one of 
the great leaders who hatre converted the 
pure physics of electricity into a taxable 
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jDroduct. To-day the govcrnmentH of the 
world levy upon upward of $60,000,000,- 
000 of new wealth founded upon elec- 
tricity. 

But the taxes and new wealth are not 
the major accomplishments of the men 
of this genus. These are the rivers of 
sweat saved from the backs of men and 
tile infinite drudgery relieved from the 
liands of women. 

T may emphasize that both scientific 
dis(!Overy and its practical aiiplication 
are the products of long and arduous 
research. Discovery and invention do 
not spring full-grown from the brains of 
men. The labor of a host of men, great 
laboratories, long, patient, scientific ex- 
periment build up the structure of 
knowledge, not stone by stone, but par- 
ticle by jiarticle. This adding of fact to 
fact some day brings forth a revolu- 
tionary discovery, an illuminating hy- 
pothesis, a great generalization or a 
practical invention. 

Research both in pure scierufe and in 
its application to the arts is one of the 
most potent impulses to progress. For 
it is organized research that gives daily 
improveimuit in machines and processes, 
in methods of agriculture, in the protec- 
tion of health and in understanding. 
From these we gain constantly in better 
standards of living, more stability of em- 
ployment, lessened toil, lengthened 
human life and decreas(»d suffering. In 
the end our leisure expands, our interest 
in life enlarges, our vision stretches. 
There is more joy in life. 

It is the increasing productivity of 
men’s labor through the tools given us 
by science that shattered the gloomy 
prophecies of Malthus. 

More than a century ago that great 
student held that increasing population 
would outrun the food supply and star- 
vation was to be the inevitable execu- 
tioner of the overcrowded earth. 

But since his day we have seen the 
paradox of the growth of population far 
beyond anything of which he ever 


dreamed, coupled at the same time with 
constantly increasing standards of living 
and ever-increasing surplus of food. 
Malthus was right except for a new con- 
testant in the race with his principle: 
That was more scientific research, more 
discovery. And that race is still on. If 
we would have our country improve its 
standards of living and at the same time 
accommodate itself to increasing popula- 
tion we must maintain on an oven more 
liberal scale than over before our great 
laboratories of both i)ur(‘ and applied 
science. 

Our scientists and inventors are 
amongst our most priceless national pos- 
sessions. There is no sum that the world 
could not afford to ])ay these men who 
luiv(^ that originality of mind, that de- 
votion and industry to carry scientific 
thought forward in steps and strides 
until it spreads to the comfort of every 
home, not by all the profits of all the 
banks in the world can we measure the 
contribution which these men make to 
our j)rogress. 

And they are the least interested in 
the monetary results. Their satisfac- 
tions are in their aecomplishmont — in 
the contribution of some atom of knowl- 
edge which will become part of the great 
mechanism of i)rogress. Their discover- 
ies are not the material for headlines. 
Their names are usually known but to a 
few. But the nation owes them a great 
honor and is proud to demonstrate 
through Mr. Edison to-day that their 
efforts are not unappreciated. 

The country can well pay its tribute 
to the men of this genus by expanding 
the facilities for their labors. The nation 
to-day needs more support for research. 
It needs still more laboratories. To that 
Mr. Ford is making a generous contri- 
bution. 

And in establishing this institute, Mr. 
Ford is doing honor to Mr. Edison in a 
manner which appeals to a sense of fit- 
ness — that is, by founding an institution 
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dedicated to education and scientific re- 
search. 

And scientific research means more 
than its practical results in increased 
living comfort. The future of our na- 
tion is not merely a question of the 
development of our industries, of reduc- 
ing the cost of living, of multiplying our 
harvests or of larger leisure. We must 
constantly strengthen the fiber of na- 
tional life by the inculcation of that 
veracity of thought which springs from 
the search for truth. From its pursuit 
we shall discover the unfolding of 
beauty, we shall stimulate the aspiration 
for knowledge, we shall ever widen hu- 
man understanding. 

Mr. Edison has given a long life to 
such service. Every American owes a 
debt to him. It is not alone a debt for 


great benefactions he has brought to 
mankind, but also a debt for the honor 
he has brought to our country. Mr. 
Edison by his own genius and effort 
rose from modest beginnings to member- 
ship among the leaders of men. His life 
gives renewed confidence that our in- 
stitutions hold open the door of oppor- 
tunity to all those who would enter. 

Our civilization is much like a garden. 
It is to be appraised by the quality of 
its blooms. In degree as we fertilize its 
soil with liberty, as we maintain dili- 
gence in cultivation and guardianship 
against destructive forces, do we then 
produce those blossoms, the fragrance of 
whoso lives stimulates renewed en- 
deavor, gives to us the courage to re- 
newed effort and confidence of the 
future. 


THE AWARD OF THE FREDERIC IVES MEDAL TO PROFESSOR NICHOLS 


The Optical Society of America at its 
recent meeting at Cornell University, 
October 24 to 26, awarded the Frederic 
Ives medal to Professor Edward L, 
Nichols, professor emeritus of physics at 
Cornell University. This medal was en- 
dowed in 1928 by Dr. Herbert E. Ives, 
in honor of his father, Mr, Frederic 
Ives, distinguished for his pioneer con- 
tributions to color photography, photo- 
graving, three-color process printing and 
other branches of applied optics. It is 
awarded biennially for distinguished 
work in optics. Professor Nichols, one 
of the five honorary members of the 
Optical Society, is the first recipient of 
the medal. The presentation took place 
at a dinner arranged jointly by the 
Optical Society of America and the col- 
leagues of Professor Nichols on the 
faculty of Cornell University. 

Professor Nichols' contributions to 
science and his activities in connection 
with American scientific societies are so 
well known as to require only passing 
comment. After receiving the B. 8. 


degree at Cornell in 1875, he studied 
successively in Leipzig, Berlin and Got- 
tingen, from which latter university he 
received the doctorate in 1879. He was 
a fellow at Hopkins in 1879-80, and for 
a short time thereafter was associated 
with Edison in the development of the 
incandescent lamp, particularly with 
reference to photometric methods of 
measurements of candle-power. 

After serving as professor of physics 
successively at the University of Ken- 
tucky and at the University of Kansas, 
Professor Nichols was called to his alma 
mater as professor of physics in 1887, 
which post he still holds, becoming pro- 
fessor emeritus in 1919. 

During the period of thirty-two years 
from 1887 to 1919 while he was director 
of the department of physics at Cornell 
University, there passed through the de- 
partment a large number of graduate 
students and instructors who now hold 
positions of responsibility throughout 
the entire country. A large number of 
these returned to Cornell to attend the 
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pliysics eoni‘(*rt*Ti(!o and reunion upon 
tile occasion of Professor Nichols’ retire- 
ment as director in 1919. 

Professor Nichols is a member of 
many scientific societies, including the 
National Academy of Sciences; the 
American Association for the Advance- 
mcuit of Science, of which he was presi- 
dent in 1907 ; the American Physical 
Society, of which he was president in 
1 907-09; Sigma Xi, of which he was 
national president in 1908. He was ac- 
tive in founding the American Physical 
Society and was instrumental in start- 
ing the Physical Review, the outstanding 
journal of physics in America. 

His first paper was published in 1879. 
In the intervening fifty years there has 
been scarcely a year during which he 
has not published several papers, as the 
results of his own investigations and 
with various collaborators, in the fields 
of photometry, spectrophotometry and 
luminescence, to which latter subject he 
has devoted a very large proportion of 
his attention during the past twenty- 
five years. Although he became profes- 
sor emeritus ten years ago, he is still as 
busy as ever with his collaborators in 
the physics laboratory at Cornell Uni- 
versity extending his investigations in 
this important field. 


With the assistance of Professor H. 
L. Howes and Mr. D. T. Wilber, Profes- 
sor Nichols published in 1928 a 350- 
page rei)ort of his work on catliodo- 
luminesconce and the luminescence of 
incandescent solids, a field in wdiich ho 
has been at work for a number of years. 
This report is remarkable in several 
ways. It presents a vast amount of in- 
formation on this very complex subject 
on th(* basis of which, in due course, 
theories will doubtless be built. Of 
more significance, however, is the fact 
that a large part of this Avork has been 
either done by Professor Nichols person- 
ally or directed by him since his retire- 
ment from active service ten years ago. 
Indeed, it is one of the great sources of 
inspiration to those of us who liave had 
the great good fortune to be colleagues 
of Professor Nichols in the physics lab- 
oratory at Cornell University to see him 
maintain, even with increased vigor, his 
activities in research subsequent to his 
retirement. Many regard the accom- 
plishments of these last ten years as 
representing the best work of his long 
and distinguished career. 

However much Professor Nichols is 
esteemed as a scientist by those who have 
worked with and under him or have 
watched his accomplishments from the 
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outside, still more striking: are his per- 
sonal qualities as seen by those who have 
had the rare privilege of knowing him 
as a man. His elementary lectures to 
undergraduates were always fascinating 
but tnany a student has stated that he 
carried away from the lecture room 
something far more valuable than the 
information so clearly imparted by this 
skilled teacher over the lecture table. 
There was about his lectures a quiet 
dignity, an unaffected simplicity, a re- 
spect for and a love of all knowledge, 
which could not but be infectious. Grad- 
uate students and the younger members 
of his staff have profited still more from 
these rare qualities of his by virtue of 
their closer contacts with him. 

A single instance out of my own per- 
sonal experience will suffice to indicate 
the basis of the love and esteem with 
which Professor Nichols is regarded. 
When I came to Cornell as an untutored 
freshman I had a hazy notion that I 
wished to study electricity, and I made 
my way to the physics building for ad- 
vice. Upon entering the hall, the first 
person whom I saw was the man who, as 
I learned later, was head of ^the depart- 
ment, Professor Nichols. I asked if I 
eould find some one who could give me 
advice with regard to the courses of 
study which I should take in order to 
become acquainted with the field of 


electricity. Instead of referring me to 
some one else, he immediately, in the 
most kindly and unreserved yet digni- 
fied manner, asked mo further about my 
plans and desires. His attitude was so 
sympathetic and so full of cordiality, 
yet without the slightest suggestion of 
condescension, that I was at once pos- 
sessed of a desire so to shape my under- 
graduate course as to come more directly 
into contact with this man. In a very 
few moments he outlined to me a course 
of study which I should follow — and 
which indeed I did follow almost with- 
out change. Further, he gave me, a 
student quite unknown to him, a nordial 
invitation to come to him at any time 
in connection with my course of study. 
Had I never met Professor Nichols 
again, those few moments would have 
stood out in my memory as among the 
most inspiring of a lifetime. But sub- 
sequent contacts in the department later 
as a graduate student, instructor and 
member of the staff have been even fuller 
of inspiration and encouragement. 

Every one who has worked with or 
under Professor Nichols can relate 
similar instances — all of which serve to 
explain the veneration in which this 
great scientist and teacher is held by 
those who have been associated with him. 

F. K. Richtmyeb 
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